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(54) Novel polyhydroxyalkanoate, producing nnethod therefor, charge control agent containing 
such polyhydroxyalkanoate, toner containing such charge control agent and image forming 
method and image forming apparatus utilizing such toner 



(57) The invention es to provide polyhydroxyal- 
kanoate of a novel structure enabling application to wid- 
er fields, and a producing method therefor. The inven- 
tion also provides a biodegradable charge control agent 
having excellent charging characteristics, excellent dis- 
persibllity In the toner resin and improved spent proper- 
ty. The polyhydroxyalkanoate of the present invention Is 
featured by Including, in the polymer molecule, a units 
represented by the general formulas (1) and (2) and at 
least one of the units represented by the general formu- 
las (3) to (6). 
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Description 

BACKGROUND OF THE INVENTfON 
Field of the Jnvention 

[0001] The present invention relates to polyhydroxyalkanoate (PHA) contafnirsg novel a constitutent unit and a pro- 
ducing method therefor. More specifically, it relates to a method for producing biodegradable novel PHA containing a 
3-hydroxy alkanoic acid unit having 2-thienyfsulflnyl radical and 2-thlenyfsulfonyl radical as substltuents at the end of 
the side chain by culturing a microorganism having the PHA producing ability thereby producing and accumulating 
therein PHA containing 3-hydroxy alkanoic acid unit having corresponding 2-thienylsulfanyl radical as the substituent, 
and selectively oxidizing suJfur of sulfide type in such PHA thereby converting It into sulfonyl radical and sulfinyl radical. 
[0002] The present fnventlon also relates to a charge control agent, a toner binder and an electrostaticlatent image 
developing toner to be used rn a recording method utilizing an electrophotographic method, an electrostatic recording 
method, a magnetic recording method etc., and an image forming method and an image forming apparatus utilizing 
such toner In particular, it relates to a charge control agent, a toner binder, an electrostatic latent Image developing 
toner, an image forming method and an image forming apparatus to be employed in electrophotography, electrostatfc 
recording, electrostatic prrntfng such as a copying apparatus, a printer or a facsimile in which an image is fomned by 
forming In advance a toner image on an electrostatic latent image bearing member (hereinafter simply called image 
bearing member) and then transferring such toner Image onto a transfer material. More specifically, It relates to a 
negatively chargeable charge control agent, a toner binder and an electrostatc latent Image developing toner utiitzing 
the same, and an image fonning method and an Image forming apparatus utIJIzing such toner. 

Description of the Related Art 

[0003] It has already been reported that various microorganisms produce poly-S-hydroxybutyric acid (PHB) or other 
PHA's and accumulate such products therein ("Biodegradable Plastics Handbook", edited by Biodegradable Plastics 
Association, N.T.S.Co., p.1 78-1 97(1 995)). Such PHA produced by the microorganisms can be utilized for producing 
various products for example by fusion, like the conventional plastics. Also the PHA produced by microorganisms, 
being biodegradable, has the advantage that ft can be completely decomposed by the microorganisms fn a nature, 
and, uniike the various conventional synthesized polymers, is free from contamination resulting from remaining in the 
natural environment. It also shows satisfactory matching with the living tissues and Is expected in the applications as 
the soft material for medical use. i 
[0004] Such microorganism-produced PHA is known to assume various compositions or structures depending on 
the kind of microorganism, composition of culture medium and culture condition employed for production, and research- 
es have been made for controlling such composition and structure, principally for improving the physical properties of 
PHA. 

[1] At first, for the biosynthesis of PHA by polymerizing a monomer unit of relatively simple structure such as 
3-hydroxybutyrlc acid (hereinafter abbreviated as 3HB), following references are known: 

(a) PHA containing 3HB and 3-hydroxyvaleric acid (hereinafter abbreviated as 3HV) as monomer units: 

Japanese Patent Publications Nos. 6-15604, 7-14352 and 8-19227, and Japanese Patent Application 
Laid-open No. 5-7492; 

(b) PHA containing 3HB and 3-hydroxy hexanolc acid (hereinafter abbreviated as 3HHx) as monomer units: 

Japanese Patent Applications Laid-open Nos. 5-93049 and 7-265065; 

(c) PHA containing 3HB and 4-hydroxybutyric acid (hereinafter abbreviated as 4HB) as monomer units: , 

Japanese Patent Application Laid-open No. 9-1 91 893; 

(d) PHA containing 3-hydroxyalkanoate of 6 to 12 carbon atoms as monomer unit: 

Japanese Patent No. 2642937; and 

(e) biosynthesis of PHA utilizing a single fatty acid as the carbon source, providing PHA substantiaity same 
as (d): 

Appl. Environ. Microbiol., 58(2), 746(1992). 

All these references report production of PHA consisting of a monomer unit having an aikyi radical in the 
side chain, namely "usual PHA", synthesized by p-oxidation of hydrocarbon or the like by microorganisms 
or by fatty acid synliiesis from saccharide. 
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[2] However, for wider application of" microorganism-produced PHA, for example for application as functional pol- 
ymer, PHA having a substituent other than alky! radical in the side chain, namely "unusual PHA", is anticipated to 
be extremely usefuL Examples of hopeful substituent for this purpose include a radical containing an aromatic ring 
(phenyl radical, phenoxy radical, benzoyl radical etc.). an unsaturated hydrocarbon radical, an ester radical, an 
5 allyl radical, a cyano radical, a halogenated hydrocarbon radical and an epoxide present on the side chain. Among 

these, PHA having an aromatic ring on the side chain is actively investigated. For biosynthesis of PHA having an 
aromatic ring on the side chain, there are known following references: 

(a) PHA containing phenyl radical or a partially substituted radbal thereof (substituted phenyl radical etc.): 

10 

Makromol. Chem. 191, 1957-1965(1990) and Macromolecules, 24, 5256-5260(1991) report that Pseu- 
domonas oJeovorans produces PHA containing 3-hydroxy-5-pheny I valeric acid as a unit, from 5-phenyl- 
valerlc acid as substrate. 

Also Macromolecules, 29, 1762-1766(1996) reports that Pseudomonas oleovorans produces PHA con- 
^5 taining 3-hydroxy'5-(p-tolyl)valerlc add as a unit, from 5-(p-toly I) valeric acid as substrate. 

Also Macromolecules, 32, 2889-2895(1999) reports that Pseudomonas oleovorans produces PHA con- 
taining 3-hydroxy-5-(2,4-dinitrophenyl)valerjc acid and 3-hydroxy-5-(p-nitrophenyt)valeric acid as units, 
from 5-(2,4"dinitrophenyl)valeric acid as substrate. 

20 (b) PHA containing phenoxy radical or partially substituted radical thereof (such as substituted phenoxy rad- 

ical): 

MacromoL Chem. Phys., 195, 1665-1672(1994) reports that Pseudomonas oleovorans produces a PHA 
copolymer containing 3-hydrDxy-5-pnenoxyvaleric acid and 3-hydroxy-9-phenoxynonalc acid as the units, 
from 1 1 -phenoxyundecanoic acid as substrate. 

Also Japanese Patent No. 2989175 discloses Inventions relating to homopolymer consisting of a 3-hy- 
droxy-5-(monofluorophenoxy) pentanoate (3H5(MFP)P) unit or a 3-hydroxy-5-(difluorophenoxy) pen- 
tanoate (3H6(DFP)P) unit, copolymer containing at least a 3H5(MFP)P unit or a 3H5(DFP)P unit, a novel 
strain of Pseudomonas putida capable of producing Itiese polymers, and a method for producing the 
aforementioned polymers utilizing Pseudomonas genus. This patent specification teaches, as the effects 
of such Inventions, that PHA polymer having a phenoxy radical substituted with 1 or 2 fluorine atoms at 
the end of the side chain can be biosynthesized from a long-chain fatty acid having a substituent and that 
thus produced PHA has a high melting point and is capable of providing stereoregularity and water repel - 
lency while maintaining satisfactory working properties. 

In addition to the partially substituted phenoxy radical having fluorine substituent on the ring, there are 
also investigated partially substituted radical having cyano or nitro radical on the ring. 
Can. J. Microbiol., 41, 32-43(1995) and Polymer International, 39, 205-213(1996) report production of 
PHA containing 3-hydroxy-6-(p-cyanophenQxy) hexanoic add or3-hydroxy-6-(p-nitrophenoxy) hexanoic 
acid as the monomer unit by Pseudomonas oleovorans ATCC 29347 strain and Pseudomonas putida 
KT2442 stain, from octanoic acid and 6-(p-cyanophenoxy) hexanorc acid or 6-(p-nitrophenoxy) hexanoic 
acid as substrate. 

These references relate to PHA having an aromatic ring on the side chain, instead of the usual PHA in 
which the side chain consists of an alkyl radical, and are effective in obtaining polymer of physical prop- 
erties resulting from such aromatic ring 

[3] Also as a new category not limited to changes In the physical properties, investigation is also made for producing 
PHA having an appropriate functional radical on the side chain, thereby obtaining PHA with new functions utilizing 
such substituent. 

so [0005] For example IVIacromolecuies, 31,1 480-1 486(1 996) and Journal of Polymer Science: Part A: Polymer Chem- 
istry, 36, 2381-2387(1998) etc. report a method of biosyntheslzing PHA containing a unit having vinyl radical at the 
end of the side chain and then executing epoxylation with an oxidant, thereby obtaining PHA having a high reactive 
epoxy radical at the end of the side chain. 

[0006] In addition to such vinyl radical, for biosynthesis of PHA containing a unit having sulfide type sulfur (-S-) for 
55 which high reactivity is anticipated, Macromolecules, 32, 8315-8318(1999) reports that Pseudomonas putida 27N01 
strain produces PHA copolymer containing 3-hydroxy-5-(phenylsulfanyl) valeric acid and 3-hydroxy-7-(phenylsulfanyl) 
heptanoic acid as the units, from 11-(phenyfsulfanyl) valeric acid as substrate. 

[0007] On the other hand, the conventional, electrophotography includes various methods so far proposed but in 
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general consists of forming an efectrical latent image by various means on an image bearing member (photosensitive 
member) utilizing a photoconductive substance, then developing such latent image with toner to obtain a visible image, 
transferring the toner image onto a transfer materia] such as paper If necessary, and fixing the toner image on the 
transfer material with heat and/or pressure thereby obtaining a copy. For rendering the electrical latent image visible, 
there are known cascade development method, magnetic brush development method, pressure development method 
etc. Also there is utilized a method of employing magnetic toner and a rotary developing sleeve having magnetic poles 
at the center, and causing the magnetic toner to fly from the developing sleeve to the photosensitive member 
[0008] For developing electrostatic latent image, there are known a two-component development method employing 
two-component developer consisting of toner and carrier, and a one-component development method employing one- 
component developer consisting solely of toner and not containing carrier. 

[0009] The colored fine particfes. g^erally called toner, are essentially composed of binder resin and a coloring 
material, and also contain magnetic powder etc. If necessary. For providing the toner with electric charge, there can 
be utilized charging characteristics of the binder resin itself without utilizing the charge control agent, but satisfactory 
Image quality cannot be obtained because of insufficiency in stabiltty of charge in time and in moisture resistance. 
Therefore, a charge control agent is added to the toner in order to retain and control the charge. 
[0010] The charge control agents presently known in this technical field include, for example for negative triboelec- 
tricity, metal complexes of azo dyes, those of aromatic dicarboxylic acid, and those of salycilic acid derivatives. Also 
for positive charge control agents, there are known nigrosin dyes, triphenylmethane dyes, various quaternary ammo- 
nium salts and organic tin compounds such astibutyitin oxide. 

£001 1 J From the standpoint of environmental protection, rt is recently desired worldwide to further reduce the wastes 
and the environmental pollution. Such requirements are same also in the electrophotography. In fact the discarded 
amount of the printed papers, waste toner after use and copy papers is increasing year after year with the popularization 
of the fmaging apparatuses, and, from the standpoint of securing the global environment, it is strongly desired to further 
reduce the wastes and to use substances selected in consideration of the environment, 

[0012] In order to meet such requirements, there are investigated charge control agents consisting of colorless com- 
pounds free from heavy metals or of polymers. Examples of such compounds include those disclosed in the U.S. 
Patents Nos. 4,480,021 , 4,442,189 and 4,925,765, and the Japanese Patent Applications Laid-open Nos. 60-108861 , 
61-3149, 63-38958 and 63-88564, but such compounds are not sufficient in the performances of the charge control 
agent, for example in the charge amount, start-up characteristics of charging, stability In time and environmental sta- 
bility. In general the polymer charge control agent for providing the toner with the negative charging property Is often 
composed of copolymer of styrene and/or a-methylstyrene and alkyl(meth)acrylate ester or alky l(meth) aery late amide 
having a sulfonic acid radical (Japanese Patent Applications Laid-open Nos. 7-72658 and 8-179564, and Japanese 
Patents Nos. 2114410, 2623684 and 2807795). Such materials are advantageous as they are colorless, but have to 
be added in a large amount in order to obtain the desired charge amount. Also the moisture resistance Is anticipated 
to be Insufficient since the sulfonic acid radical, serving as the anionic functional radical, apparently has hygroscoplcity. 
Also there is anticipated insufficiency In the mutual solubility with the binding resin (binder) which is basically nonionic. 
£0013] From the standpoint of environmental protection, developments are being made for biodegradable resin which 
can be decomposed in time by the function of microorganisms, and, as explained in the foregoing, there have been 
reported that various microorganisms produce and accumulate therein biodegradable resin having a polyester structure 
(PHA). Such PHA is known to assume various compositions or structures depending on the kind of microorganism, 
composition of culture medium and culture condition employed for production, and researches have been made for 
controlling such composition and structure, principally for improving the physical properties of PHA, 
£0014] Also in the field of electrophotography, there has been proposed application of the biodegradable resin to the 
binder resin in the manufacture of toner. For example the U.S. Patent No, 5,004,664 discloses toner containing bio- 
degradable resin, fn particular polyhydroxy butyric acid, polyhydroxy valeric acid, copolymer thereof or a blended sub- 
stance thereof as a component. Also the Japanese Patent Application Laid-open No. 6-289644 discloses electropho- 
tographic toner particularly for heat roller fixing, containing vegetable wax and biodegradable resin (for example mi- 
croorganism-produced polyester, vegetable- or animal-derived natural polymer etc.), wherein the aforementioned vejg- 
etable wax is added to the binder resin in an amount of 5 to 50 mass%. Also the Japanese Patent Application Laid- 
open No. 7-120975 discloses electrophotographic toner containing butyric acid-based resin as the binder resin. Further, 
the Japanese Patent Application Laid-open No. 9-274335 discloses electrostatic latent image developing toner con- 
taining polyester resin, obtained by dehydration condensation -polymerization of a composition containing butyric acid 
and 3- or hig he rfu notional oxycarboxyfic acid, and a coloring agent. Also the Japanese Patent Application Laid-open 
No. B-262796 discloses electrophotographic toner containing binder resin and a coloring agent, wherein the binder 
resin is composed of biodegradable resin (for example aliphatic polyester resin) and the coloring agent is composed 
of a water Insoluble dyestaff. Also the Japanese Patent Application Laid-open No. 9-281746 discloses electrostatic 
image developing toner containing urethanized polyester resin, obtained by crossllnking poiyiactic acid with 3- or hlgh- 
eri^unctional polyvalent fsocyanate, and a coloring agent. AH these electrophotographic toners employ biodegradable 



.125491 eA£_L> 



4 



£P 1 254 918 A2 



resin as the binder resin, and are expected to be effective in contributing to securing the environment. 
[0015] In any of the electrophotographic toners employing the aforementioned biodegradable resins as the binder 
resin, the charge control agent contains heavy metals such as chromium, cobalt, nici^el^ copper, zinc or iron. On the 
other handj the use of biodegradable resin for the charge control agent has not been reported, and there is desired 
5 the material realizing further enviror^mental protection. 

SUIVIWIARY OF THE INVENTION 

[0016] Among the aforementioned PHA's having a functional radical on the side chain, let us consider PHA containing 
fo a 3-hydroxy-co-(phenylsuifanyi) all<anoic acid unit. The sulfide-type sulfur (-S-) is strongly reactive, and, in the devel- 
opment of functional PHA's, various devefopments are expected toward various derivatives of PHA including sulfide- 
type sulfur (-S-). For the biosynthesis of such PHA containing an aromatic ring and sulfide-type sulfur (-S-)= there is 
known only one reference mentioned in the foregoing. Thus, In the development of functional PHA's, there are desired 
various derivatives of PHA, derived fronn PHA containing sulfide-type suffur (-S-), 
^5 [0017] In consideration of the foregoing, an object of the present inventton Is to provide PHA of a novel structure 
adaptable to wider applications, namely capable of further improving the physicochemical properties of PHA, instead 
of the PHA containing a unit having sulfide-type sulfur (-S-) in the side chain, and a producing method therefor IVIore 
speciftcaffy, an object of the present invention is to provide PHA of a novel structure obtained by employing PHA 
principally containing a 3-hydroxy-(j>-(thieny!sulfanyi) alkanoic acid unit and produced by microorganisms as an inter- 
ne mediate raw material, converting the sulfide-type sulfur (-S-) thereof into another sulfur-containing radical, and applying 
chemical modification to the methylene portion of the side chain ther^y also changing the chemical structure, and a 
producing method therefor. 

[0018] Also in consideration of the foregoing^ another object of the present invention is to provide a negatively charge- 
able charge control agent which is colorless and free from metals in the functionality and provides higher performance 
25 (at least oneof higher charge amount, faster riseof charging, superior stability in time and higher environmental stability) 
and improved drsperslblitty, toner binder containing such charge control agent, electrostatic latent image developing 
toner containing such charge control agent, and an Image forming method utilizing such electrostatic charge developing 
toner. 

[0019] As a result of intensive investigations for attaining the aforementioned objects^ the present inventors have 

30 found that PHA of a novel structure can be obtained and the physicochemical properties of PHA can be further improved 
by employing PHA principally containing a 3-hydroxy-o3-(thienyisulfanyl) alkanoic acid unit and produced by microor- 
ganisms as an intermediate raw material, and employing oxidation with sodium hypochlorite for oxidizing the sulfide- 
type sulfur (-S-) thereof thereby converting it into a sulfinyl radical (-SO-) and a sulfonyl radical (-SO2-). It is also found 
that such PHA contains not only the aforementioned conversion into sulfinyl radical (-SO-) and sulfonyl radical (-SOg-) 

35 but also contains, as subsidiary units, a chloro-substltuted unit including chloro-substltution on a carbon atom adjacent 
to the sulfonyl radical (-S02~) or a chloro-substituted unit Including chloro-substltution on a carbon atom adjacent to 
the partially oxidized sulfinyl radical (-SO-). Also the present inventors have found that the desired PHA principally 
containing sulfinyl radical (-SO-) and sulfonyl radical (-SO^-) by causing the microorganisms to produce, from 
<3t)-(2-threnylsulfanyl)-alkanoic acid used as the starting raw material, PHA principally containing 3-hydroxy-<o-(phenyl- 

^ sulfanyl) alkanoic acid unit an intermediate raw material, and, instead of executing a step of separation and purification 
thereof by solvent extraction and then an aforementioned oxidation step utilizing sodium hypochlorite, by applying a 
process utilizing sodium hypochlorite directly on the microorganism cells or by separating PHA accumulated in the 
microorganism cells by pulverizing such cells and then executing a process utilizing sodium hypochlorite. Based on 
such findings, the present inventors have reached the present invention. 

45 [0020] More specifically, the polyhydroxyalkanoate of the present invention is featured by including, in the polymer 
molecule, a unit represented by the following general formula (1): 
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(wherein x stands for an integer selected within a range of 0-8 Indicated in the chemical fomfiula, and such unit may 
be present at least one in the polymer); 

a unit represented by the following general formula (2): 
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(wherein x stands for an integer selected within a range of 0-8 Indicated in the chemical formula, and such unit may 
be present at least one fn the polymer); and at least one of the units represented by the following general formulas (3) 
to (6), namely: 

a unit represented by the following general fonnula (3): 
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(vrtierein x stands for an integer selected within a range of 0-8 Indicated In the chemical formula, and such unit 
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may be present at least one in the polymer); 

a unft represented by the following general formula (4): 
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(wherein x stands for an integer selected within a range of 0-8 Indicated in the chemical formula, and such unit 

may be present at least one in the polymer); 

a unit represented by the following general formula (5): 
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(wherein x stands for an integor selected within a range of 0-8 indicated in the chemical formula, and such unit 

may be present at least one in the polymer); and 

a unit represented by the following general formuta (6): 



40 



45 



50 




CI- 



-CI 



^ H H2 ' 



(6) 



55 (wherein x stands for an Integer selected within a range of 0-8 indicated in the chemical formula, and such unit 

may be present at least one in the polymer). In such PHA of the present invention, in addition to the unit represented 
by the foregoing general formula (1), the unit represented by the foregoing general formula (2) and at least one of 
the units represented by the foregoing general formulas (3) to (6), there may be further included at least one of: 
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a unrt represented by the following general formula (7): 
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(wherein y stands for an integer selected within a range of 0-8 indicated In the chemical formula, and such unit 

may be present at least one in the polymer),' and 

a unit represented by the following general formula (8); 
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(Wherein z stands for an Integer selected from 3 and 5), Also PHA of the present invention preferably has a number 
average molecular weight within a range of 1 000 to 5Q0000. 

[0021] An embodiment of the PHA of the present Invention of the aforementioned configuration may be polyhydroxy- 
alkanoate featured by Including: 

a 3-hydroxy-6-(2-thlenylsulfinyl)vaferlc add unit represented by the following chemical formula (9) : 



45 



50 




fo- 



s=o 
■c— c- 

H H. 



9 



(9) 



55 



a 3"hydroxy"5-(2-thjcnylsuifonyi)valeric acid unit represented by the following cheriiicai furrriula (10): 
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(10) 



and 

at least one of the chloro-substituted units represented by the following chemical formulas (11) to (14), namely: 
a 5-chloro-3-hydroxy-5-(2-thienylsulfrnyl)valeric acid unit represented by the following chemical formuia (11 ): 
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a 5-chloro-3-hydroxy-6-(2-thieny]sulfonyl)valeric acid unit represented by the following chemical formula (12): 
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a 5,5-dic^loro-3-hydroxy-5-(2-thienylsulfinyl)valeric acid unit represented by the following chemical formula (13): 
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(13) 



and a 5,5-dichlorD-3-hydroxy-5-(2-thienylsulfonyl)valerfc acid unit represented by the following chemical formula 
(14): 




o=s=o 



CI- 



■CI 



CH. O 



— f-o-c-c—tLl- 

^ H H„ ' 



(14) 



[0022] Furthermore, an embodiment of the PHA of the present invention may be polyhydroxyalkanoate featiired by 
including, in the polymer molecule: 

a 3-hydroxy-4-(2"thiGnylsulfinyl)butyric acid unit represented by the following chemicai fomnula (15) : 




^ H H„ 



(15) 



a 3-hydroxy-4-(2-thienylsu]fonyl)biJtync acid unit represented by the following chemical formula (16): 
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at least one of four chloro-substituted units represented by the following chemical formulas (17) to (20), namely: 
a 4-chloro-3-hydroxy-4-(2-thFonylsuffinyl)butyrjc acid unit represented by the following chemical formula (17): 




a 4-chloro-3-hydroxy-4-(2-thienyJsulf0nyl)-butyric acid unit represented by the following chemical fomiula (IB): 




a 4,4-d[chlorO'3-hydroxy-4-(2-thienylsu If (ny I) -butyric acid unit represented by the following chemical fomiufa (19): 
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and a 4,4-dichloro-3-hydroxy-4-(2-thienyJsulfonyl)butyric acid unit represented by the following chemical fomnuia 
(20): 
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(21): 



further a 3-hycfroxy-6-(2-thienylsulfinyl)-hexanolc acid unit represented by the followrng chemical formula 
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a 3-hydroxy-6'(2-thienyleulfonyl)hexanoic acfd unit r^resented by the following chemicai fomiula (22): 
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and at least one of the four chloro-substituted units represented in the following chemical formulas (23) to 
(26), namely: 

a 6-chloro-3-hydroxy-6-(2-th[enylsulfinyl)''hexanoic acid unit represented by the following chemical formula (23) : 




4 



=0 
CI 



^ H ' 



(23) 



a 6-chloro-3-hydroxy-6-(2-thienylsulfonyt)-hexanoic acid unit represented by the following cliemical f ormuia (24): 




o=s=o 



H- 



-CI 



212 



— (-o-c-c~M 

^ H H. ' 



(24) 



a 6,6-dichloro-3-hydro>cy-6-(2-thienylsuJfinyf}-hexano)c acid unit represented lay tlie foliowing cliemical formula 
(25): 



.1 25491 aA2_L> 
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S=0 



Cl- 



10 



-CI 



(25) 



15 



and a 6,6-dichloro-3-hydroxy-6-(2-thienylsutfonyl)hexanoic acid unft represented by the fol loving chemical formula 
(26): 



20 



25 



30 




o=s=o 



ci- 



-CI 



(CH,) 



2*2 



■c-c- 

H H, 



O 



(26) 



[0023] In addftion, the present Invention provides a method for producing the aforementioned PHA of the present 
ss Invention. More specifically, the method of the present Invention for producing polyhydroxya!kanoate is a method for 
producing polyhydroxyallcanoate having any of the aforementioned configurations, featured by including: 

(step 1) a step of culturing microorganisms in a culture medium containing at least one of a)-(2-thienylsuifanyi) 
alkanoic acids represented by the following general formula (27) 

40 



45 



CH^ (CH„) — CH„-— CH, 



1 



-OH 



X= 0-8 



(27) 



SO 



55 



(wherein x stands for an integer selected from a range of 0-8); and 

(step 2) a step of processing polyhydroxyalkanoate, produced by the microorganisms cuftured in the step 1 , with 
sodium hypochlorite, 

[0024] In the PHA producing method of the present invention, between the aforementioned step 1 and step 2, there 
may be provided a step of separating polyhydroxyalkanoate produced by the microorganisms cultured in the step 1 
from the cells of such microorganisms. 

[0025] fn such case, the step of separating polyhydroxyalkanoate produced by such microorganisms may include a 
step of pulverizing the microorganism cells. Such step for pulverizing the microorganism cells is preferably executed 
by an ultrasonic pulverizing method, a homogenizer method, a pressure pulverizing method, a beads impact method, 
a mechanical pulverizing method, a grinding method or a freezing-thawing method. 
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[0026] Otherwise, the step of separating polyhydroxyalkanoate produced by themfcroorganisms from the cells there- 
of may include a step of extracting poiyhydroxyaikanoate from the microorganism cells with a solvent capable dissolving 
polyhydroxyall<anoate produced by the microorganisms. The aforementioned solvent capable of dissolving polyhy- 
droxyalkanoate produced by the microorganisms is preferably at least one seiected from chlorofonn, dichloromethane, 

5 dioxane, tetrahydrofurane, acetonitrile and acetone. 

[0027] Furthermore, the PHA producing method of the present invention may be featured in that the culture medium 
employed in the step 1 contains polypeptone. It may also be featured in that the culture medium employed in the step 
1 contains yeast extract. Othenwise, it may also be featured in that the culture medium employed in the step 1 contains 
saccharide. In such case, such saccharide is preferably at least one compound selected from a group consisting of 

10 giyceraldehyde, erythrose, arabinose, xylose, glucose, galactose, mannose, fructose, glycerol, erythritol, xylitol, glu- 
conic acid, glucuronic acid, galacturonicacid, maltose, sucrose and lactose. 

[0028} Furthemriore, the PHA producing method of the present invention may be featured in that the culture medium 
employed in the step 1 contains an organic acid or a salt thereof. In such case, the aforementioned organic acid or 
salt thereof is preferably at least a compound selected from a group consisting of pyruvic acid, malic acid, lactic acid, 
15 citric acid, succinic acid and salts thereof. Also the PHA producing method of the present invention may be featured 
in that the culture medium employed in the step 1 contains an amino acid or a salt thereof. In such case, the afore- 
mentioned amino acid or salt thereof is preferably at least a compound selected from a group consisting of glutamic 
acid, aspartic acid and salts thereof. In certain cases, the method may be featured in that the culture medium employed 
in the step 1 contains a straight-chain alkanoic acid with 4 to 12 carbon atoms or a salt thereof. 
[0029] Also the PHA producing method of the present invention may be featured in that the culture of microorganisms 
in the step 1 includes: 

(step 1-1) a step of culturing microorganisms in a culture medium containing at least one of <o-(2-thienyisutfanyl) 
afkanoic acids represented by the following general formula (27) 

25 



|/3~S-CH,— (CH,)-CH,-CH,— U-OH ^ .^^n 

s 



(wherein x stands for an integer selected from a range of 0-8) and polypeptone; and 
35 (step 1-2) a step of further culturing the microorganisms, cultured in the step 1-1 , in a culture medium containing 

at least one of <o- (2-th ienylsulf any I) alkanoic acids represented by the aforementioned general formula (27) and an 
organic acid or a salt thereof. 

[0030] Jn such case, the aforementioned organic acid or salt thereof contained in the culture medium employed in 
40 the step 1 -2 Is preferably at least a compound selected from a group consisting of pyruvfo acid, malic acid, lactic acid, 
citric acid, succinic acid and salts thereof. In such case It Is further preferred that the culture medium employed in the 
step 1-2 does not contain nitrogen source. 

[0031] Otherwise, in the PHA producing method of the present invention, the culture of microorganisms In the afore- 
mentioned step 1 may be featured by including: 



45 



50 



55 



(step 1 -3) a step of culturing microorganisms in a culture medium containing at least one of a)-(2-lhienylsulfanyl) 
alkanok; acids represented by the following general fonnula (27) 



S 



(wherein x stands for an integer selected from a range of 0-8) and saccharide; and 
(step 1-4) a step of further culturing the microorganisms, cultured in the step 1-3, in a culture medium containing 
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at least one of to-(2-thienylsurfanyl)aIkanoic acids represented by the aforementioned general formuia (27) and 
saccharide but not containing a nitrogen source. 

[0032] \n such case, such saccharide is preferably at least one compound selected from a group consisting of glyc- 
eraldehyde, erythrose, arabinose, xylose, glucose, galactose, mannose, fructose, glycerol, erythrltol, xylitol, gluconic 
acid, glucuronk; acid, galacturonlc acid, maltose, sucrose and lactose. Also in such case, It is further preferred that the 
CLiJtu re medium employed in the step 1-4 does not contain nitrogen source. 

[0033] Jn addition, an embodiment of the PHA producing method of the present invention may be a method for 
producing polyhydroxyalkanoate which comprises culturing microorganisms, in the step 1, in a culture medium am- 
pJoying 6-(2-thienylsulfanyl)valeric acid represented by the following chemical fomiula (28): 



15 




as co-(2-thienylsulfanyl)alkanoic acid to be contained In the culture medium, and processing, with sodium hypochlorite 
in the step 2, the polyhydroxyalkanoate which the mrcroorganlsms, cultured rn the step 1 , produce from 5"(2-thlenyU 
sulfanyl)valeric acid represented by the aforementioned chemical fonnula (28), thereby producing polyhydroxyal- 
kanoate containing, In the polymer molecule: 

a 3-hydraxy-5-(2-thienylsulf]nyl)vaierfc acid unit represented by the following chemical fonnula (9) : 



30 



35 




a 3-hydroxy-5-(2-thienylsulfonyl)valerfc acid unit represented by the following chemical fomiula (10): 



45 



50 




. . S5 and 

at least one of the chloro-substlluted units represented by the following chemical formulas (11) to (14), namely: 
a 5-chloro-3-hydroxy-5-(2-thienylsulfinyl)-valerlc acid unit represented by the following chemical formula (11): 
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10 




s=o 



H- 



-Cl 



^ H a ' 



(11) 



IS 



a 5-chloro-3-hydroxy-5-(2-ttiienylsulfonyl)valeric acid unit represented by tiie following chemicai formula (12): 



20 



25 



30 




o==s=o 



H- 



-Cl 



^ H H ■ ' 



CH, 



(12) 



a 5,5-dichioro-3-hydroxy-5-(2-thienyl.sulfinyl)valeric acid unit represented by the following chennical formula (13): 



35 



40 



45 




ci- 



s=o 

-CI 



CH„ O 

f II 



H Hr 



(13) 



50 



and a 5,5-dichloro-3-hydroxy-5-(2-thienylsulfonyl)valeric acid unit represented by the following chemical formula 
(14): 



35 
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10 




0=3=0 



ci- 



-Cl 



.r* — n — U- 



-C 
H 



Ho 



(14) 



15 



[0034] In additton, an embodiment of the PHA producing method of the present invention may be a method for 
producing polyhydroxyalkanoate which comprises cufturing microorganisms, in the step 1 , in a culture medium em- 
ploying 6-(2-thienyisuifanyi)hexanolc acid represented by the foliowing chemical formula (29): 



20 



25 



30 




-{CHJ 



i 



2^5 



-OH 



(29) 



as co-(2-thlenylsulfanyl)alicanoic acid to be contained In the culture medium, and processing, with sodium hypochiorite 
in the step 2, the polyhydroxyail<anoate which the mfcroorganisms, cultured m the step 1, produce from 6-(2-thienyt- 
sulfanyf)hexanoic acid represented by the aforementioned chemical formula (29), thereby producing polyhydroxyal- 
l<anoate containing, fn the polymer molecule: 

a 3-hydroxy-4-(2-thienylsulfinyl)butyrfc acid unit represented by the following chemical formula (15) : 



35 



40 



45 



9 



-O 



-f-o-C"C--^4- 

^ H Hg ' 



(15) 



50 



a 3"hydn3xy-4-(2-thlenyisulfonyi)butyric acid unit represented by the following diemicaJ formula (16) : 



55 
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10 




0=^=0 



o 



-(-0-C 

\ LJ 



H K, 



(16) 



15 



at least one of four chloro-substituted units represented by the following chemical formulas (1 7) to (20), namely: 
a 4-chioro-3-hydroxy-4-(2-thieny]suifinyl)butyrrc acid unit represented by the following chemical formula (17): 



20 



26 




s=o 



H- 



-ci o 



^ H H, ' 



(17) 



30 



a 4-chloro-3-hydroxy-4-(2-thienylsulfonyl)-butyric acid unit represented by the following chemical formula (1 B): 



35 



40 




o=s=o 



H— j— CI O 

i_o-c-c-JL)- 

^ H H2 ' 



(18) 



45 



a 4,4-dichloro-3-hydrDxy-4-(2-thienylsulfinyl)-butyric acid unit represented by the following chemical fonnula (1 9): 



so 



55 




CI- 

fo- 



-a o 



-c-c- 

H H, 



(19) 



19 
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and a 4,4-dichloro-3-hydroxy-4-(2-thlenyJsulfonyl)butyric acid unit represented by thefoifowing chemical formula 
(20): 




o=s=o 



CI- 



"1 



fo-c-cJ| 



(20) 



20 



25 



30 



further a 3-hydroxy-6-(2-thienyIsulfrny{)-hexanoic acid unit represented by the following chemicaf formula (21): 



H- 



-H 



-o-c-c— ^ 



H H. 



)- 



(21) 



35 



a 3-hydroxy-6-(2-thlenylsulfonyl)hexanoic acid unit represented by the followfng chemical formula (22): 



40 



45 



50 



9 

o-s==o 



(22) 



and at least one of the four chloro -substituted units represented in the following chemicai fonnulas (23) to (26), 
namely: 

a 6-chloro-3-hydroxy-6-(2-thienylsulflnyl)-hexanoic acid unit represented by the following chemical fomnula (23): 
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s=o 



■CI 



H- 



^ H ' 



(23) 



a 6-diloro-3-hydroxy-6-{2-thienylsulfonyl)-hexanoic acid unit represented by the following chemical formula (24): 




o=s=o 



H- 



-Cl 



^ H ' 



{24) 



a 6, 6-dichloro-3-hydroxy-6-(2-thienylsulfinyl)-hexanoic acid unit represented by the following chemical fomriula 
(25): 




ci- 



s=o 

-Ci 



o 



(C 

fo-c-cJLl 



(25) 



and a 6,6-dichloro-3-hydroxy>6-(2-thienylsulfonyl)hexanoic acid unit represented by the following chemical formula 
(26); 



.1254918A2J_> 
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10 



o=s=o 



ci- 



-ci 



(CHJ 



2/2 



~f-o-c-c— ^4- 



(26) 



15 



20 



25 



30 



35 



[0035] In the PHA producing method of the present invention, having the aforementioned configurations, the micro- 
organisms to be employed in the step 1 are preferably those belonging to Pseudomonas genus. For example, the 
aforementioned microorganisms to be employed In the step 1 are preferably those of at least a strain selected from 
Pseudomonas cfchoriiYN2 (PERM BP-7375), Pseudomonas cichorii H45 (PERM BP-7374) and Pseudomonas jessen if 
P161 (PERM BP^7376). 

[0036] Also as a result of intensive investigation for obtaining a charge control agent which Is of high performance, 
substantially colorless and does not require use of a metal, the present inventors have reached the present invention. 
[0037] More specffically, the present invention provides a charge control agent including polyhydroxyalkanoate fea- 
tured by containing, in the polymer molecule, a unit represented by the following general formula (1): 




s=o 



H 



-H 



O 
11 



^ H ^ X= 



0-8 (1) 



(wherein x stands for an integer selected within a range of 0-8 indicated in the chemical fonnula, and such unit may 
40 be present at least one in the polymer); 

a unit represented by the following genera! formula (2): 



45 



50 



55 




o=s-o 



H- 



-H 



(CHJ 



^ H H. ^ 



X=0^ (2) 



(wherein x stands for an integer selected within a range of 0-8 indicated in the chemical fomiuia, and such unit may 
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be present at least one fn the polymer); and at least one of the units represented by the following general formulas (3) 
to (6), namely: 

a unit represented by the following general formula (3): 



10 




s=o 



H- 



fo- 



-CI 



(CHJ 



2'x 



O 



-c-c- 

H H„ 



X=0-8 (3) 



20 



(Wherein x stands for an integer seiected witliin a range of 0-8 indicated in the chemical formula, and such unit 

may be present at least one in the polymer); 

a unit represented by the following general formula (4): 



25 



30 



35 




o=s=o 



H- 



-a 



— {-0-c-c- 



X=0^ (4) 



40 



(wherefn x stands for an integer selected within a range of 0-8 Indicated In the chemical formula, and such unit 

may be present at least one in the polymer); 

a unit represented by the following general formula (5): 



45 



50 



55 




J_o-c-c-Ji4- 

^ H ' 



X=:0-8 (5) 



(wherein x stands for an integer selected within a range of 0-8 indicated in the chemical formula^ and such unit 

may be present at least one in the polymer); and 

a unit represented by the following general formula (6): 
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10 




0=8=0 



ci- 



-Cl 



o 



(-0-C-C— ^ 



X=0-8 {6) 



20 



(Wherein x stands for an integer selected witiiin a range of 0-8 indicated in the chemical formula, and such unit 
may be present at ieast one in tiie poiymer). 

[0038] Such PhHA may further inciude at least one of: 

a unit represented by the following general formula (7): 



2S 



SO 



I 

(CH,)^ 

— f-o— c-c- 

^ H H, 



i 



y=0-8 (7) 



35 



(wherein y stands for an integer selected within a range of 0-8 indicated in the chemical formula, and such unit 

may be present at least one in the polymer); and 

a unit represented by the following general formula (8): 



40 



45 



50 




z=3.5 (8) 



(wherein y and z may assume arbitrary Integral values at least equal to 1 within the ranges shown in the 
chemical formulas, independently from the units represented by (1), (2), (3), (4), (5) and (6)). 

[0039] Also PHA contained in the charge control agent of the present Invention preferably has a number average 
molecular weight within a range of 1000 to 500000, 

[00401 The present Invention also provides toner binder containing the charge control agent of the present Invention. 
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[0041] The present invention further provides electrostatic latent innage developing toner at least comprising binder 
resin, a coloring agent, and the charge control agent of the present invention. 

[0042] The present invention further provides an image fomning method at least including astepof externally applying 
a voltage to a charging member thereby charging an electrostatic latent image bearing member, a step of forming an 
5 electrostatic latent Image on the charged electrostatic latent image bearing menriber, a development step of developing 
the electrostatic latent image with electrostatic latent image developing toner thereby forming a toner image on the 
electrostatic latent image bearing member, a transfer step of transferring the toner image on the electrostatic latent 
Image bearing member onto a recording materiaL and a fixation step of heat fixing the toner Image on the recording 
material, the method being featured by using electrostatic latent image developing toner containing at least a binder 
io resin, a coloring agent, and a charge control agent of the present invention. 

[0043] The present invention further provides an image fomning method at least comprising a step of externally 
applying a voltage to a charging member thereby charging an electrostatic latent image bearing member, a step of 
forming an electrostatic latent image on the charged electrostatic latent image bearing member, a development step 
of developing the electrostatic latent image with electrostatic latent image developing toner thereby forming a toner 

i5 image on the electrostatic latent image bearing member, a first transfer step of transferring the toner image on the 
electrostatic latent image bearing member onto an intermedlatetransfer member, a second transfer step of transferring 
the toner image on the intermediate transfer member onto a recording material, and a fixation step of heat fixing the 
toner Image on the recording material, the method being featured by using electrostatic latent image developing toner 
containing at least a binder resin, a coloring agent, and a charge control agent of the present Invention. 

20 [0044] The present invention further provides an image fomning apparatus featured by forming an image with elec- 
trostatic latent image developing toner containing the charge control agent of the present invention. 
[0045] The present invention further provides an image forming apparatus at least comprising means for externally 
applying a voltage to a charging member thereby charging an electrostatic latent Image bearing member, means for 
forming an electrostatic latent image on Uie charged electrostatic latent image bearing member, development means 

25 for developing the electrostatic latent image with electrostatic latent image developing toner thereby fonnlng a toner 
Image on the electrostatic latent Image bearing member, transfer means for transferring the toner Image on the elec- 
trostatic latent image bearing member onto a recording material, and fixation means for heat fixing the toner image on 
the recording material, the apparatus being featured by using electrostatic latent image developing toner containing 
at least a binder resin, a coloring agent, and a charge control agent of the present invention. The present invention 
further provides an image forming apparatus at least comprising means for externally applying a voltage to a charging 
member thereby charging an electrostatic latent image bearing member, means for fonning an electrostatic latent 
image on the charged electrostatic latent image bearing member, development means for developing the electrostatic 
latent image with electrostatic latent image developing toner thereby forming a toner image on the electrostatic latent 
image bearing member, first transfer means for transferring the toner Image on the electrostatic latent image bearing 

35 member onto an intermediate transfer member, second transfer means for transferring the toner image on the inter- 
mediate transfer member onto a recording material, and fixation means for heat fixing the toner Image on the recording 
material, the apparatus being featured by using electrostatic latent image developing toner containing at least a binder 
resin, a coloring agent, and a charge control agent of the present invention. 

[0046] The PHA producing method of the present invention cultures microorganisms in a culture medium containing 
40 o>-(2-thienylsulfanyl) alkanoic acid as the raw material and processing PHA including 3-hydroxyo>"(2-thlenylsulfany!) 
alkanoic add, produced by the cultured microorganisms, with sodium hypochlorite to convert sulfanyl radical (-S-) 
thereof into su If ony I radical (-SO^-), thereby enabling production of novel biodegradable polyhydroxyalkanoate featured 
by containing, in the polymer molecule, a 3-hydroxy-a>-C2-thienylsulfinyl) alkanoic acid unit represented by the general 
formula (1), a 3-hydroxy-«>-(2-thienylsulfonyl) alkanoic acid unit represented by the general fonnula (2), and at least 
45 one of a «-chloro-3-hydroxy-o)-(2-thienyisulfinyl) alkanoic acid unit represented by the general fonnula (3), a w-chioro- 
3-hydroxy-oj-(2-thienylsulfonyl) alkanoic acid unit represented by the general formula (4), a o>, a)-dichloro-3-hydroxy- 
(0-(2-thienylsulfinyl) alkanoic acid unit represented by the generalformuja(5) and aa3,a>-dichloro-3-hydroxy-€i>-{2-thienyl' 
sulfonyl) alkanoic acid unit represented by the general fonnula (6). In addition, PHA produced by the PHA producing 
method of the present Invention has a specific structure including a thiophene ring and a sulfone structure (-SOg-) or 
so a sulfoxide sLrucLure (-SO-), and also has a chloro radical substitution on a methylene radical adjacent to the sulfur 
atom of such sulfone structure (-SO2') or sulfoxide structure (-SO-), whereby the electrons are localized within the 
molecule to enable application to fields different from those of the usual polyhydroxyalkanoate, such as optofunctional 
materials or device materials, 

[0047] Also the present invention allows to provide a biodegradable ohargo control agont oxcollont in tho charging 
55 characteristics and improved in the disperslbility thereof into the toner resin and in the spent performance, 

. [0046} Also by containing such charge control agent, theie can be provided eleclroslaLic laleriL trtiage developing 
toner which is free from image fogging even at the output in the image forming apparatus, is excellent in transferrabillty, 
and is highly adapted to the electrophotographic process. 
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[0049] Also as the charge control agent of the present invention is colorless or only weakly colored, there can be 
selected arbitrary coloring agent according to the hue required for the color toner, and the original hue of dye or pigment 
is not at all hindered, 

[0050] In addition, the electrostatic latent image developing toner of the present invention does not require use of 
5 heavy metals and is biodegradable, thereby providing an industrially important advantage of not affecting the environ- 
ment. 

[0051] The above and other objects, effects, features and advantages of the present invention will become more 
apparent from the following description of embodiments thereof taken In conjunction witii the accompanying drawings. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a schematic cross-sectional view of an image forming apparatus for executing the image fomning method 
in the examples and comparative examples of the present Invention; 

Fig. 2 is a partial magnified cross-sectional view of each developing apparatus 4 for two-component developer 
shown in Fig. 1 ; 

Fig, 3 is a schematic view of an image forming apparatus including a toner reuse mechanism, employed in the 
examples and comparative examples of the present invention; 

Fig. 4 is a partial cross-sectional view of a developing apparatus for one-component developer employed In the 
examples and comparative examples of the present invention; 

Fig. 5 is a partial exploded perspective view of a fixing apparatus employed in the examples of the present invention; 
Fig. 6 is a partial magnified cross-sectional view of a fixing apparatus employed in the examples of the present 
invention, showing a film state in a non-driven state; 

Fig- 7 is a schematic view showing a blow-off charge amount measuring apparatus for measuring the charge 
amount of toner; and 

Fig. 8 is a chart showing ""H-NMR spectrum of a sample obtained in the example 1 . 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 

[0053] The novel polyhydroxyalkanoate of the present Invention Is provided, as the constituent monomer units, with 
a unit having a thiophene ring and a sulfoxide structure (-SO-) in the form of a2-thfenylsulfinyl radical at the end of the 
side chain of a 3-hydroxy alkanoic acid unit, a unit having a thiophene ring and a sulfone structure {-SO2-) in the form 
of a 2-thienylsulfonyl radical, and a chloro-substituted unit having chloro radical substitution on an co-carton atom 

35 adjacentto thesulfur atom of theaformentlonedsulfone (-SOg-) or sulfoxide (-SO-) structure. Because of such structure, 
It shows physicochemical properties significantly different from those of the conventionally known microorganism-pro- 
duced polyhydroxyalkanoate. Such polyhydroxyalkanoate of the present invention can be produced, for example, by 
a step of culturing microorganisms having ability of producing polyhydroxyalkanoate in a culture medium containing 
o)-(2-thlenylsulfanyl) alkanoic acid which Is the starting carboxylic acid derivative represented by the general formula 

40 (27), and a step of processing, with sodium hypochlorite, the PHA containing 3-hydroxy-a>-(2-thIenylsulfanyl) alkanoic 
acid unit and produced by the cultured mrcroorganism cells. Consequently the PHA of the present Invention, derived 
from the Intermediate PHA produced by the aforementioned microorganisms, retain the property of biodegradable 
optical isomer, and, in combination with the novel physicochemical properties, enables exploitation of novel applications 
for PHA. 

45 [0054] The present invention will be explained In the following in more details. 
(Carboxylic acid derivative) 

[0055] to-(2-thlenylsulfanyl) alkanoic acid to be employed in the present Invention is a carboxylic acid derivative 
50 represented by a chemical formula .(27). The o>-(2-thienylsulfanyl) alkanoic acid represented by the chemical formula 
(11) is a novel substance: 



[0052] 



55 




S-CH— (CH2) — CHg— CHg 



1 



OH 



x= ^ (27) 
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(wherein x is an Integer of 0-8) 



(/py-S-CH2 — (CH3) — CH2— CH3 



OH 



k=1-8 



(30) 



10 (wherein k is an integer of 1 -8) 

[0056] Aiso o>-(2-thienyfsulfanyl) alkanoic acid in which Ic = o> (00 being an integerfrom 1 to 8) in the chemical formula 
(30) can be produced in the following methods: 



1 -1 . a method of reacting thlophene-2-thiol and co-bromoalkanoic acrd to obtain <o-(2-thienylsulfanyl) alkanoic acid 
15 represented by the chemical formula (30); 

1 "2. a method of reacting thiophene-2-thiol and co-bromoalkanoic acid to obtain a>-(2-thienylsulfanyi) alkanoic acid 
ester and then hydroiyzing the ester to obtain to-{2-thlenylsulfanyi) alkanoic acid represented by the chemical 
formula (30); 

1-3. a method of reacting thiophene-2-thiof and co-bromo-l-alkanol to obtain c)-(2-thienylsulfanyl)-1-alkanol and 
20 then executing oxidation to obtafn co-(2-thienyisulfanyl) alkanoic acid represented by the chemical formula (30); 

1 -4. a method of reacting thiophene-2-thioi and 1 ,o)-dibromoalkane to obtain 2-[(o>-bromoalkyl)sulfanyl] thiophene, 
then preparing a Grignard reagent with metallic magnesium and adding carbon dioxide gas to obtain <o-(2-thierTyl- 
suifanyl) alkanoic acid represented by the chemical formula (30); and 

1-5. a method of reacting thiophene-2-thioi and a lactone to obtain a>-(2-thienylsulfanyl) aikanoicacid represented 
■25 by the chemical formula (30). 



[0057] These producing methods will be explained further fn more details. 

[0058] At firstthere will be shown methods for producing 5-(2-thlenyisulfanyl)valeric acid rep resented by the chemical 
formula (28): 



35 




(28) 



2-1. a method of reacting thiophene-2-thiol and 5-br(Mnovaleric acid to obtain 6-(2-threnylsulfanyl) valenc acid 
40 represented by the chemical formula (28); 

2-2. a method of reacting thiophene-2-thiol and 5-bromo valeric acid ester to obtain 5-(2-thienylsulfanyl) valeric 
acid ester and then hydroiyzing the ester to obtain 5-(2-thienylsulfanyl) valeric acid represented by tSi© chemical 
formula (26); 

2-3. a method of reacting thlophene'2-thiol and 5-bromo-1 -pentanol to obt^n 5-(2-th]enyisulf anyl)-1 -pentanol and 
45 then executing oxidation to obtain 5-(2-thienyl6Ulfanyl) valeric acid represented by the chemical formula (28); 

2-4. a method of reacting thiophene-2-thiol and 1 ,4-dibromobutane to obtain 2-[(4-bromobutyl)sulfanyl] thiophene, 
then preparing a Grignard reagent with metallic magnesium and adding carbon dioxide gas to obtain 5-(2-thienyi- 
sulfanyl) valeric acid represented by the chemical formula (28); and 

2-5. a method of reacting thiophene-2-thiol and 5-valerojactone to obtain 5-(2-thienylsulfanyl) valeric acid repre- 
sQ sented by the chemical fomiula (28). 

[0059] In the following there will be shown methods tor producing 6-(2-thienylsulfanyl)hexanpic acid represented by 
the chemical formula (29): 
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COOH 



(29) 



3-1 . a method of reacting thiophene-2-thiol and 6-bromohexanolc acid to obtain 6-(2-thlenylsulfanyl) hexanoic acid 
represented by the chemical formula (29); 

3-2. a method of reacting thiophene-2-thlol and 6-bromohexanoicacld ester to obtain 6-(2-thienylsu!fanyl) hexanoic 
acid ester and then hydrolyzing the ester to obtain 6-(2-thlenylsulfany!) hexanoic acid represented by the chemical 
fonmula (29); 

3-3. a method of reacting thiophene'2-th!ol and 6-bromo-1-hexanol to obtain 6-(2-thlenylsulfanyl)-1-hexanol and 
then executing oxidation to obtain 6-(2-thienylsuffanyl) hexanoic acid represented by the chemical formula (29); 
3-4. a method of reacting thlophene-24hiol and 1 ,5-dlbromopentane to obtain 2-[(5-bromopentyl)sulfanyl] thi- 
ophene, then preparing a Grfgnard reagent with metailic magnesium and adding carbon dioxide gas to obtain 
6-(2-thienyJsulfanyt) hexanoic acid represented by the chemical formula (29); and 

3-5. a method of reacting thiophene-2-thiol and e-caproiactone to obtain 6-(2-thienylsulfanyl) hexanoic acid rep- 
resented by the chemical formula (29). 

[0060] However, the production of the carboxyllc acid derivatives represented by the chemical formula (30) Is not 
limited to the above-mentioned producing methods. 

[0061] In the PH A producing method of the present Invention, the microorganisms to be employed for producing the 
precursor PHA constituting the intermediate material can be any microorganisms capable, In the culture in a culture 
medium containing the starting a)-(2-threnylsulfanyl) alkanoic acid represented by the general fonnuia (27), of producing 
and accumulating PHA including 3-hydroxy alkanoic acid unit having a 2-thienylsulfanyl radical at the end of the cor- 
responding side chain, such as those belonging to the Pseudomonas genus with PHA producing ability. Examples of 
preferred microorganisms of Pseudomonas genus include Pseudomonas clhorii YN2 (PERM BP-7375), Pseudomonas 
clhorif H45 (PERM -7374) and Pseudomonas jessenii P161 (PERM BP'7376), These three microorganisms are in 
advance domesticaify deposited under the name of the present applicant, then transferred from such original deposit 
to the deposit based on the Budapest treaty and deposited under the aforementioned deposition numbers in Interna- 
tional Patent Organism Depositary of Institute of Advancd Industrial Science and Technology (fomier National Institute 
of Bioscience and Human Technology, Agency of Industrial Science and Technology) as the International Deposition 
Organization. Also they are described In the Japanese Patent Application No. 11-371 863 as novel strains having PHA 
producing ability. 

[0062] In the following there will be shown the bacteriological properties of the strains YN2. H45 and P161 . 
<Bacterlological properties of stain YN2> 
(1) Morphological properties 



Shape and size of cells: rod, 0.8 ^m x 1 .5 to 2.0 |im 
Polymorphism of cells: negative 
Mobility; mobile 
Sporulation: negative 
Gram staining: negative 

Colony shape: circular; entire, smooth margin; low convex; smooth surface; glossy; translucent 
(2) Physiological properties 



[0063] 



[0064] 



Catalase: positive 
Oxydase: positive 
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O/F test: oxicfative (non-fermentative) 

Nitrate reduction: negative 

Indofe production: positive 

Acid production from glucose: negative 
s Arginine dihydroiase: negative 

Urease: negative 

Eaculin hydrolysis: negative 

Gelatin hydrolysis: negative 

p-Galactosldase: negative 
10 FJuorescent pigment production on King's B agar: positive 

Growth under 4% NaCI: positive (weak growth) 

Poly-p-hydroxybutyrate accumufation: negative (*) Tween 80 hydrolysis: positive 

(*) Colonies cultured on nutrient agar were stained with Sudan Blaci< for determination. 

^ 5 (3) s ubstrate assimi iatio n 

[0065] 

Glucose: positive 
20 L-Arabinose: positive 

D-Mannose: negative 

D-Mannitol: negative 

N-Acetyi-D-glucosamine: negative 

Maltose: negative 
25 Potassfum gluconate: positive 

n-Caprate: positive 

Adipate: negative 

dl-Malate; positive 

Sodium ci^ate: positive 
30 Phenyl acetate: positive 

<Bacterjologloal properties of starn H45> 

(1) Morphological properties 

[0066] 
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Shape and size of ceils: rod, 0.8 fim x 1 .0 to 1 .2 \xxr\ 
Polymorphism of ceils: negative 
40 Mobility: mobile 

Sporulation: negative 
Gram staining: negative 

Colony shape: circular; entire, smooth margin; low convex; smooth surface; glossy; cream colored 
45 (2) Physiological properties 
[0067] 

Catalase: positive 
50 Oxydase: positive 

O/F test: oxidative 

Nitrate reduction: negative 

indole production: negative 

Acid production from glucose: negative 
S5 Arginlne dihydroiase: negative 

Urease: negative 

Eaculin hydrolysis; negative 

Gelatin hydrolysis: negative 
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p-Galactosidase: negative 

Fluorescent pigment production on King's B agar: positive 
Growtii under 4% NaCF: negatfve 
Poly-p-hydroxybutyrate accumulation: negative 

5 

(3) Substrate assimilation 
[0068] 

fo Glucose: positive 

L-Arabinose: negative 

D-Mannose: positive 

D-Mannrtol; positive 

N-Acetyl-D-glucosamine: positive 
^5 Maltose: negative 

Potassium gluconate: positive 

n-Caprate: positive 

Adipate; negative 

dl-IVfalate: positive 
20 Sodium citrate: positive 

Phenyl acetate: positive 

<Bacteriorogical properties of stain P161> 
25 (1) Morphological properties 
[0069] 

Shape and size of cells: spheres cpO.e^m, rods, 0.6 ^m x 1 .5 to 2.0 \ijm 
30 Polymorphism of cells: elongated form 

Mobility: mobile 
Sporufation: negative 
Gram staining: negative 

Colony shape: circuiar; entire, smooth margin; low convex; smooth surface; glossy; pale yellow 

35 

. (2) Physiological properties 
[0070] 

40 Catafase: positive 

Oxydase: positive 

O/F test: oxidative 

Nitrate reduction: positive 

Indole production: negative 
^ Acid production from glucose: negative 

Arginine di hydrolase: positive 

Urease: negative 

Eaculln hydrolysis: negative 

Gelatin hydrolysis: negative 
50 p-Galactosidase: negative 

Fluorescent pigment production on King's B agar: positive 

(3) Substrate assimilation 

55 [0071] 

Glucose: positive 
L-Arabinose: positive 
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D-Mannose: positive 

D-Mannitot: positive 

N-Acetyf-D -glucosamine: positive 

Maltose: negative 

Potassium gluconate: positive 

n-Caprate: positive 

Adipate: negatrvs 

dJ-Malate: positive 

Sodium citrate: positive 

Phenyl acetate: posftlve 

[0072] In addition to the microorganisms belonging to Pseudomonas genus, there can also be utilized the mlcroor- 
ganrsms belonging to Aeromonas sp., Comamonas sp., Burl<hoiderla sp. etc. and capable of producing PHA including 
3-hydroxy alkanoic acid unit represented by the aforementioned general formula (3) utilizing substituted alkanoic acid 
represented by the aformentioned general formula (15) as the raw material (substrate). 

(Culturing step) 

[0073] in the step 1 of the PHA producing method of the present invention, the aforementioned microorganisms 
having the PHA producing ability are utilized to produce, from <ji)-(2-thienylsulfanyl) alkanoic acid constituting the raw 
material and represented by the aforementioned general formula (27), PHA including 3-hydroxy-<o-(2-thieni^sutfanyl) 

alkanoic acid unit having 2-thienylsulfany[ radical at the end of the corresponding side chain. 

[0074] For the ordinary culture of the microorganisms to be utilized in the step 1, for example for preparation or 
reserve strain or for proliferation for securing the number of bacteria required for PHA production or for securing the 
active state, there is suitably selected a culture medium containing components necessary for the proliferation of the 
microorganisms. For example, unless detrimental to the growth or life of the microorganisms, there can be employed 
any culture medium, such as usual natural culture medium (soup culture medium, enzyme extract etc.) or synthesized 
culture medium in which nutrition sources are added. The culture conditions such as temperature, aeration, agitation 
etc. are suitably selected according to the microorganisms to be used. 

[0075] On the other hand, in case of causing the aforementioned PHA producing microorganisms to produce PHA 
including 3-hydroxy-oi)-{2-thienylsuifanyl) alkanoic acid unit having 2-thienylsuifanyl radical at the end of side chain as 
the intermediate raw material, there can be employed for example an inorganic culture medium containing at least a 
carbon source for proliferation of the microorganisms in addition to to-(2-thienyjsuifanyl) alkanoic acid compound rep- 
resented by the aforementioned general formula (27), The initial content of the raw material compound represented 
by the general formula (27) is preferably selected within a range of 0.01 to 1 %(w/v), more preferably 0.02 to 0.2 %(w/ 
v). <o-(2-thienylsuifanyf) alkanoic acid represented by the general formula (27) does not necessarily have satisfactory 
solubility rn water because of its structure having a thiophene ring at the end, but may remain partially suspended in 
a portion exceeding the solubility at the initial stage of culture, since the aforementioned microorganisms have the 
property capable of utilizing such compound as the substrate and gradually Intake such compound into the cells where- 
by the initially suspended portion is instead dissolved into the culture medium. 

[0076] The raw material compound represented by the general fonmu la (27) may also be added to the culture medium 
In a state dissolved or finely dispersed in solvent such as 1-hexadecene or n-hexadecane in order to improve dispers- 
ibility. In such case, the concentration of the solvent such as 1-hexadecene or n-hexadecane should not exceed 3 % 
(w/v). 

[0077] A proliferation carbon source, to be utilized for proliferation of the microorganisms, is separately added to the 
culture medium. Forsuch proliferation carbon source, there can be used nutrition source such as yeast extract, polypep- 
tone or meat extract Also, in consideration of the effectiveness as the carbon source according to the strain to be 
used, there can be suitably selected saccharides, organic acids generated as intermediate products in the TCA circuit 
or generated a biochemical reaction of one or two steps from the TCA circuit or salts thereof, amino acids or salts 
thereof, or straight-chain alkanoic acids with 4 to 12 carbon atoms or salts thereof. 

[0078] Among these carbon sources, as the saccharide, there can be advantageously utilized one or more com- 
pounds selected from aldoses such as glyceraldehyde, erythrose, arabinose, xylose, glucose, galactose, mannose or 
fructose, alditols such as glycerol, erythritol orxylitol, aldonic acids such as gluconic acid, uronic acids such as glucronic 
acid or galacturonic acid, and disaccharfdes such as maltose, sucrose or lactose. 

[0079] Also as organic acid or salt thereof, there can be advantageously utilized one or more compounds selected 
from a group consisting of piruvic acid, malic acid, lactic acid, citric acid, succinic acid and salts thereof. Also as amino 
acid or salts thereof, there can be advantageously utilized one or more compounds selected from a group consisting 
of glutamic acid, aspartic acid and salts thereof. 
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[0080] Among these varfous carbon sources, there are preferred polypeptone and saccharides, and, among sac- 
charides, there is more preferred to use at feast one selected from a group consisting of glucose, fructose and mannose. 
The content of such carbon source substrate in the culture medium is preferably selected within a range of 0. 1 to 5 % 
(w/v), more preferably 0.2 to 2 %(w/v). 

[0081] In the culture method In the step 1 for causing the microorganisnns to produce and accumulate PHA, the 
productivity may further increase, after sufficient proiiferation, by transfen'ing the bacteria to a cutture medium in which 
the nitrogen source such as ammonium chloride is iimlted and executing further culture in a state including the com- 
pound constituting the substrate of the desired unit. For exampie there can be employed a mufti-step method by con- 
necting plural steps of different culture conditions. 

[0082] More specifically, it Is more preferable to employ a two-step culture method of executing, as (step 1 -1 ), a step 
of continuing the culture of the microorganisms in a culture medium containing the compound represented by the 
general formula (27) and polypeptone constituting the carbon source from the latter stage of [ogarrthmic proliferation 
to the stationary state, then recovering the bacterfa for example by centrifuglng, and executing, as (step 1-2), further 
culture of the microorganisms cultured in the step 1-1 in a culture medium containing the compound represented by 
the general fomiula (27) and the organic acid or salt thereof constituting the carbon source but not containing nitrogen 
source, or a two-step culture method of executing, as (step 1 -3), a step of continuing the culture of the microorganisms 
fn a culture medium containing the compound represented by the general formula (27) and saccharides constituting 
the carbon source from the latter stage of logarithmic proliferation to the stationary state, then recovering the bacteria 
for example by centrifuglng, and executing, as (step 1-4), further culture of the microorganisms cultured in the step 
1 -3 in aculture medium containing the compound represented by the general fomiula (27) and saccharides constituting 
the carbon source but not containing nitrogen source. In such two-step culture method, it Is possible to further increase 
the PHA amount accumulated In the cells, by proliferating the bacteria In advance in the former step while causing the 
bacterfa to produce, from co-(2-thfenylsulfanyl) alkanolc acid represented by the general formula (27) as a raw material, 
the PHA including 3-hydroxy afkanoic acid unit having 2-thienyfsulfanyl radical at the end of the side chain as the 
desired Intermediate material, and, In the later step, by causing the already cultured bacteria to principally execute 
PHA production in the culture medium not containing the nitrogen source. 

[0083] The culture temperature in the step 1 can be any temperature at which the aforementioned strains can sat- 
isfactorily proliferate, and can be within a range of15 to 40'C, preferably 20 to 35**C, more preferably 20 to 30'C. 
[0084] Theculture can be executed in any culture method such as liquid culture or solid culture, In which the employed 
microorganisms can proliferate and can produce^ from the starting compound represented by the genefral formula (27) 
and contained in the culture medium, the PHA including 3-hydroxy afkanoic acid unit having 2-thienylsulfanyl radical 
at the end of the side chain, Aiso there may be employed any of batch culture, fed batch culture, semi-continuous 
culture or continuous culture as long as the raw material, carbon source and oxygen can be appropriately supplied. 
For example for liquid batch culture, there can be employed oxygen supply method by vibration In a shaking flask or 
by agitated aeration in a jar f ermenter. 

[0085] Also In the aforementioned culture methods, there may be employed any inorganic culture medium containing 
components necessary for the proliferation of the microorganisms, such as phosphor source (for example phosphoric 
salt) and nitrogen source (for example ammonium salt or nitrate salt), such as MSB culture medium or M9 culture 

medium. 

[0086} In the following there will be shown the composition of the inorganic salt M9 culture medium employed In the 
examples to be explained later. 





[M9 culture medium] 


45 


NagHPO^ 


6.2 g 




KH2PO4 


3.0 g 



50 



NaC( 


0.5 g 


NH4CI 


1-Og 


(in 1 liter of culture medium; pH 


7.0) 





35 



[0087] For satisfactory proliferation and resulting PHA production, the above-mentioned inorganic culture medium 
has to be replenished with the essential minor elements by adding the following minor component solution by about 
0.3 %{w/v). 
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[Minor component solution] 


nitrilotriacetic acid 


1-5 g; 


MgS04 


3.0 g; 


IVlnS04 


0.5 g; 


NaCI 


1.0g; 




u.i g, 


CaCl2 


0.1 g; 


C0CI2 


0.1 g; 


ZnS04 


0.1 g; 


CUSO4 


0.1 g; 


AiK(S04)2 


0.1 g; 


H3BO3 


0.1 g; 


Na2Mo04 


0.1 g; 


NiCl2 


0.1 g; 


(in 1 liter of solution, pH 
7,0), 



(Step of processing wfth sodium hypochlorite) 



[0088] For example as already disclosed in the Japanese Patent Application No. 2001-057085 of the present appli- 
cant, the microorganisms employed in the present Inventron in the aforementioned culture methods produce the PHA 
including a unit having thiophene ring and suifanyl radical (-S-) as 2-threnylsulfanyl radical to be substituted at the end 
of the side chain. The PHA of the present invention can be produced by selectively oxidizing the sulfanyl radical (-S-) 
among the sulfur portions in thus produced PHA. As a specific example, such desired PHA can be produced by applying 
a process with sodium hypochforide as the oxidant on the intermediate PHA including 3-hydroxy-oD-(2-thienylsulfanyl) 
alkanoic acid unit having 2-thiGnylsulfanyl radical. 

[0089] Among the processing methods utilizing sodium hypochlorite in such step 2, the simplest method consists of 
suspending and agitating the microorganism cdis, tn which the PHA including 3-hydroxy-a>-(2-thienyl-sulfanyl) alkanoic 
acid unit constituting the precursor (intennediate raw material) of PHA of the present invention are produced and 
accumulated, in aqueous solution of sodium hypochlorite thereby simultaneously executing removal of Insoluble com- 
ponents resulting from the cells and process on PHA. In such direct processing with sodium hypochlorite on the cells, 
the PHA after processing with sodium hypochlorite is recovered as an insoluble component in the final stage. In such 
method, In case the concentration of aqueous solution of sodium hypochlorite Is relatively high or in case the reaction 
temperature is relatively high, the PHA of the present invention can be recovered in an almost pure form as an insoluble 
component after the processing, but, if the reaction condition is too harsh, there may result a reduction in the molecular 
weight resulting from local cleavage of the ester bond In the main chain. On the other hand, in case the concentration 
of the aqueous solution of sodium hypochlorite is low, the simultaneously proceeding oxidation and dissolution of the 
components deriving from the bacteria cells may become insufficient and a part of the components deriving from the 
bacteria cells such as cell membrane may remain in the insoluble component. 

[0090] in order to prevent such retention of the components derived from the bacteria ceils, there may be employed 
a method of executing in advance a step of pulverizing the cells of the cultured microorganisms and recovering in crude 
state the microorganism-produced PHA including 3-hydroxy-a>-(2-thieny[sulfanyl) alkanoic add and constituting the 
precursor of the PHA of the present Invention, and then processing thus recovered precursor PHA (intermediate ma- 
terial) with sodium hypochlorite. Such method including the step of pulverizing the cells and separating and recovering 
the precursor PHA (intermediate material) allows to recover PHA rn a highly pure state even executing the process 
with sodium hypochlorite under a relatively mild condition. 

[0091] Also for preventing such retention of the components derived from the bactereia cells, there is another method 
of executing a step of extracting and separating PHA only with solvent capable of dissolving PHA such as chloroform 
or acetone from the microorganism cells separated from the culture medium after the step 1 and accumulating the 
produced PHA therein, and then processing thus extracted and separated precursor PHA (intennediate material) with 
sodium hypochlorite. In such method Including the step of separating and recovering the precursor PHA (intermediate 
material) by solvent extraction, the extracted and recovered PHA may fomn blocks in the aqueous medium, thereby 
resulting in difficulty In operation of significantly lowering the efficiency of recovery with sodium hypochlorite. Therefore, 
the first-mentloned two methods are also in operation, because the precursor PHA originally present in small particles 
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in the microorganism cefis can be processed with sodium hypoclilorite in such suspended state. 
[0092] Sodium liypochlorite employed in the PHA producing method of the present invention can assume any form 
as long as it can contribute to the object of the present invention, namely executing selective oxidation of sulfanyl 
radical (-S-) present as 2-thienylsulfanyl radical and also chlorlnation of the end methylene radical of the side carbon 
5 chain on which such 2'thienyisulfanyl radical is substituted. In general, sodium hypochlorite is utilized in the form of 
aqueous solution thereof. 

[0093] The processing condition with sodium hypochlorite in the step 2 of the PHA producing method of the present 
invention is suitably selected according to the state of the processed precursor PHA (presence or absence of solid 
component, block form or fine particulate form etc), but can be generally be selected within the following ranges. 

10 [0094] The concentration of sodium hypochlorite, as effective chlortne concentration in the processing liquid, is de- 
sirabfy within a range of 0.5 to 12.0 %, preferably 1 .5 to 5.0 %. Also in case of processing In the state including cells 
themselves, it is desirable to execute processing by selecting the liquid amount within a range of 50 to 300 ml/g of 
dried weight of the dried microorganism cells. In the processing, the process temperature is desirably within a range 
of 0 to 20°C, preferably 0 to 1 0'^C, under the control of the reaction activity, since a process temperature higher than 

^5 the room temperature (about 20°C) may result in the aforementioned decrease of the molecular weight of PHA. The 
reaction time depends on the concentration of sodium hypochlorite and process temperature, but Is usually selected 
within a range of 1 to 5 hours, preferably about 2 hours in case of the aforementioned preferred concentration and 
temperature range, thereby avoiding accumulation of unnecessary subsidiary reactions. 

[0095] Under the aforementioned process condition with sodium hypochlorite, the PHA Including 3-hydroxy- 
20 co-(2-thienylsulfanyl) alkanoic acid unit and accumulated in the bacteria cuflured in the step 1 is converted into PHA 
including, in 3-hydroxy-a)-(2-thienylsulfanyt) alkanoic acid unit thereof, a3-hydroxy-(o-(2-thienylsulfinyl) alkanoic acid 
unit represented by the following general formula (1): 




40 



(wherein x stands for an integer selected within a range of 0-S indicated in the chemical fomiuia, and suc^ unit may 
be present at least one In the polymer); 

a 3-hydroxy-a)-(2-thienyfsulfonyl) alkanoic acid unit represented by the following general formula (2): 



45 



50 




o=s 

H- 



-H 



-o-c-c— ^ 



H K 



X=0^ (2) 



(wherein x stands for an Integer selected within a range of 0-8 Indicated in the chemical fonnula, and such unit 
may be present at least one in the polymer); and at least one of the chloro-substituted units represented by the 
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following general formulas (3) to (6), namely: 

a a)-chloro-3-hydroxy-a>-(2-thienylsulfiriyO aikanoic acid unit represented by the following general fonnula (3): 



10 



9 

s=o 
-a 



H- 



(c 

fo- 



JL 



c-c 

H H, 



X='0-8 (3) 



20 



(wherein x stands for an integer selected within a range of 0-8 indicated in the chemical formula, and such unit 
may be present at least one fn the polymer); 

a <jo-chloro-3-hydroxy-<o-(2-thienylsulfonyJ) alkanoic acid unit represented by the followmg general formula (4): 



25 



SO 



35 




_|_o_i-c-JU 

^ H H. ' 



i 



X=o-e (4) 



40 



{wherein x stands for an integer selected wfthin a range of 0-8 indicated in the chemical formula, and such unit 
may be present at least one in the polymer); 

a o),a)-dlchIoro-3-hydroxy-o>-(2-thienylsulfmyl) alkanoic acid unit represented by the following general formula (5): 



45 



so 



55 




01- 



-CI 



^ H ^ X= 



0-8 (5) 



(wherein x stands for an integer selected within a range of 0-8 indicated in the chemical fonnula, and such unit 
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10 



15 



may be present at least one in the polymer); and 

a o),a>-dichloro-3-hydroxy-o)-(2-thienylsulfonyl) alkanoic acid unit represented by the foiiowing generai formuia (6): 




o=s=o 



ci- 



-C! 



_(_o-c-cJL) 



H Hg ' X=l>^ (6) 

20 (wlierein x stands for an integer selected witiiin a range of 0-8 indicated in the chemical formula, and such unit 

may be present at least one in the polymer). 

[0096] For recovering PHA in the process liquid after processing with sodium hypochlorite in the step 2, there can 
be utilized any method capable of effectively separating and purifying PHA from the soluble components. For example 
25 there can be utilized centrifuging. Also fn case chlorine derived from sodium hypochlorite may remain in the recovered 
PHA, it is preferable to add a step of rinsing the recovered PHA for example with purified water. It is more preferable 
to add a step of rinsing the recovered PHA with a chemfcaf capable of eliminating remaining chlorine within an extent 
the physicochemlcal properties of the PHA are not changed. 

[0097] The novel polyhydroxyalkanoate of the present invention includes, as the constituent monomer units, the units 
30 represented by the aforementioned general formulas (1) and (2), and at least one of the four chloro-substituted units 
represented by the genera) formulas (3) to (6), and is provided with a thiophene ring and a sulfone structure (-SO2-) 
or a sulfoxide structure (-SO-), and is further provided with a partial structure having chloro radical substitution on a 
methylene radical adjacent to such sulfone structure (-SO2-) or sulfoxide structure (-SO-). Such specffic structure in- 
duces localization of the electrons in the molecule and enables application In the field different from that of the usual 
35 polyhydroxyalkanoate, such as optofunctional materials or device materials. 

[0098] Also the present invention has been attained by a finding that the PHA produced in the present invention has 
extremely excellent characteristics as a charge control agent and that electrostatic latent image developing toner con- 
taining such charge control agent provides significant effect when used in an Image forming apparatus provided with 
a certain developing system. 

40 [0099] More specifically, the present Invention prowdes a charge control agent containing polyhydroxyalkanoate 
including, in the polymer molecule, a unit represented by the following general formula (1): 



45 



50 



55 
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s=o 



H- 



-H 



Q-C— C— 
H H. 



X=0-8 (1) 



(wherein x stands for an integer selected within a range of 0-8 indicated in the chemical formula, and such unit may 
be present at least one in the polymer) ; 
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a unit represented by the following general fomnula (2): 




0==S=O 



10 



fS 



H- 



-H 



c-cJ4 

H H„ ' 



X=0-8 (2) 



20 



(wherein x stands for an Integer selected within a range of 0-8 indicated In the chemical formula, and such unit may 
be present at least one In the, polymer); and at least one of the units represented by the following general formulas 
(3) to (6), namely: 



a unit represented by tfie following general formula (3): 



3S 



30 



35 




s=o 



H- 



-Cl 



(CHJ 



2/x 



i 



^ H ^ 



X=0-8 (3) 



40 



(wherein x stands for an integer selected within a range of 0-8 indicated in the chemical formula, and such unit 

may be present at least one in the polymer); 

a unit represented by the following general formula (4): 



45 



50 



55 




o=s=o 



H- 



-Cf 



(CHJ 



2/x 



o 



fo~c-c-^ 

^ H H, ' 



X=0-8 (4) 



(wherein x stands for an integer selected within a range of 0-B Indicated in the chemical formula, and such unit 
may be present at least one in the , polymer); 
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a unit represented by the following general fomnula (5): 



10 




X=0-8 (5) 



20 



(wherein x stands for an integer selected within a range of 0-8 Indicated In the chemical formula, and such unit 

may be present at least one in the polymer); and 

a unit represented by the following generar formula (6): 



25 



30 



35 




o=s=o 



01- 
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* H H, ' 
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X=D-6 (6) 



40 



(Wherein x stands for an integer selected within a range of 0-8 indicated in the chemical formula, and such unit 
may be present at least one in the polymer), and a charge control agent In which such PHA may further Include 
at least one of: 

a unit represented by the following general fonnula (7): 



45 



30 



(CHJ 



2/y 



I-0-C-C-U4 

^ H H. ' 



y-O-a (7) 



55 



(wherein y stands for an integer selected within a range of 0-8 Indicated in the chemical forniula, and such unit 

may be present at least one in the polymer); and 

a unit represented by the following general fomiula (8): 
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10 



15 




z=:3.5 (8) 



(wherein y and z can assume arbitrary integral values at least equal to one, within the ranges shown in the chemical 
formuJas, independently from the units represented by (1), (2), (3), (4), (5) and (6)), and electrostatic latent image 
developing toner contatning such charge control agent. The present invention also provides an image forming 
method including a charging step of extemally applying a voltage to a charging member thereby uniformly charging 
an electrostatic latent image bearing member, a development step of forming a toner image on the electrostatic 
latent image bearing member, a transfer step of transferring the toner image on the electrostatic latent image 
bearing member onto a recording material either through or without an intermediate transfer member, and a heat 
fixation step of heat fixing the toner image on the recording material, the method being featured by using the 
aforementioned electrostatic latent Image developing toner, and an image fonning apparatus featured by forming 
an image on the recording material utilizing the aforementioned electrostatic latent Image developing toner. 



[0100] The compound disclosed by the present invention has a basic structure as biodegradable resin, and is ex- 
pected to provide an effect not detrimentally affecting the environment. The compound disclosed by the present inven- 
tion can be utilized in the production of various products for example by fusion as in the conventionai plastics but, 
different from the synthesized polymers derived from petroleum, has specific property that ft can be decomposed 
biologrcally. Therefore, the compound of the present invention, when discarded, is biodegraded and is fetched in the 
natural material chain and does not remain in the natural environment and does not cause contamination in contrast 
to the various synthesized polymer compounds conventionally utilized. Also it does not require heavy metals such as 
chromium, cobalt, nickel, copper, zinc and iron, and gives less burden to the environment In comparison with the 
conventional charge control agent. Also being degradabfe and not requiring combustion process, it is effective in pre- 
venting air pollution and warming of the earth, and can be utilized as plastics enabling environmental security. 
[0101] In the following there will be given a specific explanation on the compound of the present invention, suitable 
as charge control agent to be employed In the electrostatic latent image developing toner of the present invention, 
[01 02] The compound to be used in the present Invention Is polyester resin composed of 3-hydroxyalkanoate as the 
monomer unit, Includes a unit having a thlenyl ring and a sulfonyl sljucture in the side chain, and also includes another 
unit which has a thienyl ring and a sulfinyl structure or a sulfonyl structure and in which methylene radical in a-positlon 
thereof is substituted with chlorine. Also the compound of the present invention may include, In addition to the afore- 
mentioned units, straight-chain 3-hydroxyalkanoate and 3-hydroxyalkanoate containing an unsaturated bond in the 
side chain simultaneously or Independently. 

[0103] In case such compound is produced by a method of production by microorganisms, the compound of the 
present invention becomes isotactic polymer consisting of R-isomer only, but such isotactic polymer is not particularly 
necessary and atactic polymer can also be utilized as long as the objects of the present invention can be attained in 
the physical properties and the functions. The compound of the present invention can also be obtained for example 
by chemical synthesis utilizing ring-opening polymerization of lactones. 

[0104] Among the methods of the present invention, the production by a method including a step of causing the 
microorganisms to produce the compound of the present Invention has been explained in the foregoing. 
[0105] What Is Important In the present invention is that polyhydroxyalkanoate contained in the charge control agent 
of the present invention Includes a unit having a thienyl ring and a sulfinyl or sulfonyl structure on the side chain, and 
another unit having a thienyl ring and a sulfinyl or sulfonyl structure and also having chloro-substitution in a methylene 
radical In the a-positlon thereof. These structures Induce electron localization tn the molecule, whereby the charge 
control agent of the present invention shows excellent negative charging property. Different from the conventional 
negatively chargeable polymer charge confrol agent, the charge control agent of the present invention including the 
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units of the aforGmentioned structures does not contain ionic functional radicals and shows excellGnt weather resistance 
including moisture resistance. 

[0106] Also it is possible to control the rise of charging by changing the ratio of the units of the aforementioned 
structures, ft is further possible to reduce environmental dependence by controlling such unit ratio. 

5 [0107] Poiyhydroxyalkanoate contained in the charge control agent of the present invention often includes the units 
having thienyl ring on the side chain and also having sulfinyl or sulfonyl structure, namely the units represented by the 
aforementioned chennical formulas (1) and (2), because of the production method, but the presence of such units are 
not essential in consideration of the contribution to the charging ability of the charge control agent of the present 
invention, and the presence of a unit having thienyl ring and sulfinyl or sulfonyl structure and also having chloro- 

10 substitution on the methylene radical In a-position, namely at least one of the units represented by the aforementioned 
chemical fonnulas (3), (4), (5) and (6), is considered to significantly contnbute to the charging performance of the 
charge control agent of the present invention, 

[0108] The units of such structures may be present at feast 1 mol% in the polymer, and the proportion thereof may 
be selected in consideration of the ratio with other units and of the charging ability, but Is preferably present at least 5 
'5 mol% in orderto achieve sufficient charging ability. The upper limit amount of the unit can be determined in consideration 
of the kind of the selected binder resin and other units, and in an extent not hindering the mutual solubility with the 
binder resin. 

[0109] The compound disclosed in the present invention has satisfactory mutual soiubility with binder resin, partic- 
ularJy with polyester binder resin. The toner containing the compound disclosed in the present invention, having a high 
20 specific charge amount and satisfactory stability in time, can stably provide a sharp image in the elecfa-ostatfc image 
formation even after prolonged storage, and, being colorless and negatively chargeable, can befonned as negatively 
chargeable black or color toner. 

£0110] Also, the mutual solubility can be adjusted within a wide range by suitably selecting type/composition of the 
monomer units constituting the compound disclosed in the present invention. 

25 [0111] By selecting the resin composition In such a manner that the charge control agent assumes a microscopic 
phase-separation stnjcture in the toner binder, the toner can stably hold the charge because electric continuity Is not 
caused in the toner. Also the compound of the present invention, not containing heavy metals, is extremely safe to the 
environment. Also the toner can be produced stably by suspension polymerization or emulsion polymerization, because 
of absence of inhibition of polymerization by a heavy metal, as encountered in the metal-containing charge control 

30 agent- 

{Addition of PH A to toner) 



[01 12] In the present invention, Hie aforementioned compound may be added to the toner by internal addition or by 
external addition. In case of internal addition, the addition amount in the mass ratio of the charge control agent to the 
toner binder is usually within a range of 0.1 to 50 mass%, preferably 0.3 to 30 mass%, more preferably 0.5 to 20 
mass%. An amount less than 0.1 mass% is undesirable because of insufficient improvement in the charging ability of 
toner. Also an amount exceeding 50 mass% is undesirable because of economical standpoint. Also in case of external 
addition, the mass ratio of the charge control agent to the toner binder is preferably within a range of 0.01 to 5 mass%, 
and the charige control agent Is preferably fixed to the toner surface in mechanochemical manner. Further, the com- 
pound of the present invention can be used in combination with the known charge control agent. 
[01 13] The compound of the present invention nomially has a number average molecular weight of 1 ,000 to 500,000, 
preferably 1 ,000 to 1 00,000. At a molecular weight less than 1 ,000, it completely dissolves in the toner binder and 
does not easily fomn discontinuous phase, thereby resulting in insufficient charge amount and detrimentally affecting 
theflowabifity of toner. Also at a molecular weight exceeding 500,000, the dispersion in the toner becomes difficult. 
[0114] The molecular weight of the compound of the present invention was measured by GPC (gel penneation chro- 
matography). Wiore specifically, the first compound of the present invention was dissolved in dimethylformamide (DIVIF) 
containing UBr in 0.1 mass%, and plural samples were measured in similar moving phase and the molecular weight 
distribution was determined from a calibration line of standard polystyrene resin. 

[0115] In the present invention, It ts preferable to the aforementioned compound in which the ratio (Mw/Mn) of the 
weight average molecular weight IVfw and the number average molecular weight IVln is within a range of 1 to 1 0. 
[0116] In the present invention, it Is preferred that the aforementioned compound of the present invention has a 
melting point within a range of 20 to 150*^0, particularly 40 to 1 50*^0, or does not have a melting point but has a glass 
transition point within a range of 20 to iSO^'C, particulariy 40 to ISO^C. If the melting point is lower than 20**C or the 
melting point is absent but the glass transition point is lower than 20^*0, the flowabiiity and storability of the toner tend 
to be affected detrimentally Also if the melting point is higher than 150°C or the melting point is absent but the glass 
transition point is higher than 150*^0, it becomes difficult to blend the charge control agent in the toner and the charge 
amount distribution tends to become broad. 
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[0117] The melting point Tm and the glass transition point Tg can be measured, for example, by a highly precise 
scanning differentia! themnal analyzer of intemal input compensation type such as Perl<ln Elmer DSC-7. 
[01 18] In the toner binder and the electrostatic latent image developing toner of the present invention, the mass ratio 
of the charge control agentto the toner binder is usually within a range of 0,1 to 50 mass%, preferably 0.3 to 30 mass%, 

5 more preferably 0.5 to 20 mass%. The electrostatic latent image developing toner of the present invention is composed, 
based on the toner mass, of 0.1 to 60 mass% of the aforementioned charge control agent, 20 to 95 mass% of toner 
binder and 0 to 15 mass% of coloring agent, and, if necessary, may contain magnetic powder (powder of ferromagnetic 
metal such as Iron, cobalt or nickel or a compound such as magnetite, hematrte or ferrite) also as a coloring agent in 
an amount not exceeding 60 mass%. There may also be contained various additives (lubricant (such as polytetrafJuor- 

10 oethyfene, low molecular weight polyolefin, fatty acid or metal salt or amide thereof) and another charge control agent 
(such as nigrosin derivative, metai naphthenate, alkoxylated amine, or quaternary ammonium salt). Also there may be 
used hydrophobic colloidal silica powder or the like for improving flowability of toner. The amount of these additives 
does not usuaHy exceed 1 0 mass% based on the toner mass. 

[01 19] In the toner of the present invention, it is preferable that at Jeast a part of the toner binder constitutes continuous 
phase while at least a part of the charge control agent fonms a discontinuous domain. In comparison with a case where 
the charge control agent Is completely dissolved in the toner binder without forming discontinuous domain, the added 
charge control agent tends to be more exposed to the toner surface, thereby exhibiting effect with a smaller addition 
amount The dispersion particle size of such domain is preferably within a range of 0.01 to 4 ^m, more preferably 0.05 
to 2 |im. A particle size exceeding 4 \vrs\ results in insufficient dispersibility and wider charge amount distribution, thus 

20 deteriorating the transparency of the toner. On the other hand, a case of the dispersion particle size less than 0.01 ^im 
is similar to the situation wherethe charge control agent does not f onn discontinuous domain but is completely dissolved 
in the toner binder and requires the addition of the charge control agent in a large amount. The state that at least a 
part of the charge control agent forms discontinuous domain, and the dispersion particle size thereof can be confirmed 
by observing slices of the toner under a transmission electron microscope or the like. In order to clearly observe the 

25 interface, it Is effective to execute the electron microscopic observation after dyeing the toner slices with ruthenium 
tetroxide or osmium tetroxide. 

[0120] Also in order to reduce the particle size of the discontinuous domain formed by the compound of the present 
invention, it is possible to add polymer having mutual solubility with the compound of the present invention and mutual 
solubility also with the toner binder, as mutual dissolver Examples thereof include polymer in which a polymer chain 
30 containing, by at least 50 mol%, a monomer of a structure substantially same as that of the monomer constituting the 
compound of the present Invention, and a polymer chain contafning, by at least 50 mol%, a monomer of a structure 
substantially same as that of the monomer constituting the toner binder are combined in graft or block manner The 
amount of the mutual dissolver with respect to the compound of the present invention is usually not exceeding 30 
mass%, preferably within a range of 1 to 1 0 mass%. 

35 

<Other constituents> 

[01 21 ] In the following there will be explained other constituents constituting the electrostatic latent image developing 
toner of the present Invention. 

40 

(Binder resin) 



[0122] At first, the binder resin is not particularly limited, and there can be used any binder resin usually employed 
In the toner preparation. The charge control agent of the present invention can be mixed with the binder resin prior to 
the preparation of the toner, and can be used as a toner binder composition of the present invention having the charge 
control ability. Examples of the binder resin include styrene polymer, polyester polymer, epoxy polymer, polyolefin 
polymer and polyurethane polymer, which can be employed singly or as a mixture. 

[0123] Examples of the styrene polymer include copolymer of styrene and (meth)acrylate ester, copolymer thereof 
with another monomer capable of copolymerizing therewith, copolymer of styrene and dienic monomer (butadiene, 
50 isoprene etc.) and copolymer thereof with another monomer capable of copolymerizing therewith. Examples of poly- 
ester polymer Include condensation-polymer of an aromatic dicarboxylic acid and addition product of aromatic diol with 
alkylene oxide. Examples of epoxy polymer include reaction product of aromatic diol and epichlorbydrin and denatured 
products thereof. Examples of polyolefin polymer include polyethylene, polypropylene and a copolymerized chain with 
another monomer capable of copolymerizing therewith. Examples of polyurethane polymer include polymerization- 
's addition product of aromatic diisocyanate and alkylene oxide addition product of aromatic diol. 

[0124] Specific examples of the binder resin employed in the present invention Include polymers of following poly m- 
erizable monomers, mixtures thereof, and copolymerization products obtained by using at least two of the following 
polymerizable monomers. Specific examples of such compounds include styrene copolymers such as styrene-acrylic 
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acid copoiymer or styrene-meth acrylic acid copolymer, polyester polymers, epoxy polymers, polyolefin polymers and 
polyurethane polymers. 

[0125] Specific examples of the polymerrzable monomer include styrene and derivatives thereof such as styrene, o- 
methylstyrene, m-methylstyrene, p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-chlorostyrene, 3,4-dtchlo- 
rostyrene, p-ethyfstyrene, 2,4-dimethylstyrene, p-n-butylstyrene, p-tertbutylstyrene, p-n-hexylstyrene, p-n-octylsty- 
rene, p-n-nonylstyrene, p-n-decy!styrene or p-ndodecylstyrene; ethylenic unsaturated monoolefins such as ethylene, 
propylene, butyiene or isobutylene; unsaturated polyenes such as butadiene; halogenated vinyls such as vinyl chloride, 
vinyljdene chloride, vinyl bromide or vinyl fluoride; vinyl esters such as vinyl acetate, vinyl propionate or vinyl benzoate; 
aliphatic a-methylene monocarboxylic acid ester such as methyl methacrylate, ethy! methacrylate, propyl methacrylate, 
n-butyl methacrylate, Isobuty methacrylate, n-octyl methacrylate, dodecyl methacrylate, 2-ethylhexyl methacrylate, 
stearyl metiiacryfate, phenyl methacrylate, dimethylamfnoethy! methacrylate or diethylamlnoethyl methacrylate, acr- 
ylate esters such as methyl acrylate, ethyl acrylate, n-butyl acrylate, isobuty! acrylate, propyl acrylatc, n-octyl acrylate, 
dodecyl acrylate, 2-ethylhexyl acrylate, stearyl acryfate, 2-chloroethyl acrylate or phenyl acrylate; vinylethers such as 
vinylmethyl ether, vinylethyl ether or vinyfisobutyf ether; vinylketones such as vinyimethyl ketone, vinylhexyl ketone or 
methyl isopropenyl ketone; N-vinyl compounds such as N-vlnylpyrrol, N-vinylcarbazole, N-vlnylindole or N-vinyfpyrro- 
Irdone; vinylnaphthalenes; acrylic or methacrylic acid derivatives such as acrylonitrile, methacrylonitrile, acrylamide; 
esters of the aforementioned a»p- unsaturated acids or dibasic acids; dicarboxylic acids such as maleic acid, methyl 
maleate, butyl maleate, dimethyi maleate, phthalic acid, succinic acid or terephthaiic acid;.polyols such as ethylene 
glycol, diethylene glycol, triethylene glycol, 1 ,2-propylene glycol, 1 ,3-propylene glycol, 1 ,4-butanedlol, 1 .6-hexanediol, 
brsphenol-A, hydrogenated bIsphenol-A or polyoxyethylenated bisphenol-A; isocyanates such as p-phenylene dlisb- 
cyanate, p-xylilene diisocyanate or 1 ,4-tetramethylene diisocyanate; amines such as ethylamlne, butylamine, ethylen- 
ediamine, 1 ,4-dlaminobenzene, 1 ,4-diaminobutane or monoethanolamine; and epoxy compounds such as diglycidyl 
ether, ethyleneglycol diglycidyl ether, bIsphenol-A glycidyl ether or hydroquinone diglycidyl ether. 

(Crosslinking agent) 

[0126] f n the formation of the binder resin to be used in the present invention, there may be employed the following 
crosslinking agent if necessary. Examples of the crosslinking agent with two functional radicals Include divinylbenzene, 
bisC4-acryloxypolyethoxyphenyl) propane, ethyleneglycol diacrylate, 1 ,3-butyleneglycol diacrylate, 1 ,4-butanediol dia- 
crylate, 1 ,5-pentanediol diacrylate, 1 ,6-hexanedjol diacrylate, neopentylglycol diacrylate, diethyleneglycol diacrylate, 
triethyleneglycol diacrylate, tetraethyleneglycol diacrylate, diacrylates of polyethyieneglycol #200, #400 and #600, 
dipropyleneglycol diacrylate, polypropyleneglycol diacrylate, polyester type diacrylates (MANDA, NIPPON KAYAKU), 
and methacrylates corresponding to the foregoing acrylates. 

[0127] Examples of the crosslinking agent with more than two functional radicals include pentaerythritol triacrylate, 
trimethyrolethane triacrylate, trimethyrolpropane triacrylate, tetramethyro methane triacryiate, oligoester acrylate and 
methacrylate, 2,2-bis(4-methacryloxy-polyethoxyphenyl) propane, diallyl phthalate, triallyl cyanurate, triallyl isocyanu- 
rate, triallyl trimellitate, and diaryl chlorendate. 

(Polymerization initiator) 

[01 28] In the formation of the binder resin to be used in the present invention, there may be employed the following 
polymerization initiator if necessary. Examples of the polymerization initiator include t-butylperoxy-2-ethyi hexanoate, 
cumin perpivarate, t-butyl peroxylaurate, benzoyl peroxide, lauroyi peroxide, octanoyi peroxide, di-t-butyl peroxide, t- 
butylcumyl peroxide, dicumyl peroxide, 2,2'azobislsobutylonftrile, 2,2'-a2obls(2-methylbutylonitrlle). 2,2'-azobis 
(2,4-dimethylvaleronitrile), 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrlle), 1 ,1-bis(t-buty[peroxy)-3,3,5-trimethy!cy- 
clohexane, 1,1-bisCt-butylperoxy) cyclohexane, 1,4-bjs(t-butylperoxycarbonyl) cyclohexane, 2,2-bis(t-butylperoxy) oc- 
tane, n-butyl-4,4-bis(t-butylperoxy) varyfate, 2,2-bis(tbutylperoxy) butane, 1 ,3-bis(t-bulylperoxy-lsopropyl) benzene, 
2,5-dimethyl-2,5-di(t-butylperoxy) hexane, 2,5-dimethyl-2,5-di(benzoylperoxy) hexane, di-tbutyldiperoxy isophthalate, 
2,2-bis(4,4-dhtbutyiperoxycyclohexl) propane, di-t-butylperoxy-a-methyl succinate, di-t-butylperoxydimethyfglutanate, 
di-t-butylperoxy hexahydroterephthafate, di-t-butylperoxy azerate. 2.5-dlmethyl-2,5-di(tbutylperoxy) hexane, diethyl- 
eneglycol-bjs(tbutylperoxycarbohate), di-t-butyfperoxy trimethy!azipate, tris(t-butylperoxy) triazine, and vinyltrjs(t- 
butyfperoxy) sllane. These materials can be used singly or in combination. These materials are used at a concentration 
of at least 0,05 mass parts (preferably 0.1 to 15 mass parts) with respect to 100 mass parts of the monomer. 

(Other biodegradable plastics) 

[0129] In the present invention, the biodegradable plastics can also be used advantageously. Examples of the bio- 
degradable plastics Include "ECOSTAR" and "ECOSTAR PLUS" (trade names; available from Hagiwara Kogyo), ''Bl- 
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OPOLE" (trade name; available from I.CJ Japan), "AJICOAT" (trade name; available from Ajinomoto), "PLACCELL" 
and"POLYCAPROLACTONE" (trade name; available from Datcef Chemical), "SHOREX" and "BIONORE" (trade name; 
avarlable from Showa Denko), "LACTY" (trade name; available from Shimadzu Corporation), "RAYCIA" (trade name; 
available from Mitsui Chemical) and "lUPEC" (trade name; available from Mitsubishi Gas Chemical). 
[0130] In the combination of such binder resin and the charge control agent of the present invention, it is preferred 
that the polymer structure of the binder resin is as close as possible to that of the polymer chain of the charge control 
agent. If the polymer structure of the binder resin is significantly different from that of the polymer chain of the charge 
control agent, the dispersion thereof into the binder resin tends to become insufficient. 

[0131] The mass ratio of the charge control agent of the present Invention in case of Internal addition to the binder 
resin Is usually rn a range of 0.1 to 50 mass %. preferably 0.3 to 30 mass % and more preferably 0.5 to 20 mass %, A 
mass ratio of the internaliy added charge control agent less than 0.1 mass % results in a low charge amount, while a 
mass ratio of the internally added charge control agent exceeding 50 mass % deteriorates the stability of tonercharging. 

(Coforing agent) 

[0132] The coloring agent for constituting the electrostatic latent Image developing toner of the present Invention Is 

not particularly limited, and there can be utilized any coloring agent usually employed for toner preparation. For example 
there can be utilized carbon black, titanium white and any other pigment and/or dye. In case of using the electrostatic 
latent Image developing toner of the present invention as magnetic color toner, the examples of the coloring agent 
include C.L direct red 1 , C.I. direct red 4, C.I. acid red 1, C J. basic red 1, C.I. mordant red 30, C.I. direct blue 1, C.I. 
direct blue 2, C.I. acid blue 9, C.l. acid blue .15, C.I. basic blue 3, C.I. basic blue 5, C.i. mordant blue 7, CJ. direct green 
6, C.L basic green 4, and CI, basic green 6. Examples of the pigment include lead yellow, cadmium yellow, mineral 
fast yellow, nable yellow, naphthol yellow S, Hanza yellow G, Permanent yellow NCG, tartrazine lake, lead reddish 
yellow, molybdenum orange, permanent orange GTR, pyrazolone orange, benzidine orange G, cadmium red, perma- 
nent red 4R, watching red calcium salt, eosine lake, brilli^t carmine 3B, manganese violet, fast violet B, methyl violet 
lake, Prussian blue, cobalt blue, alkali blue lake, pictorial blue lake, phthalocyanlne blue, fast sky blue, indanthrene 
blue BC, chromium green, chromium oxide, pigment green B, malachite green lake and final yellow green G. 
[0133] In case of using the electrostatic latent Image developing toner of the present invention as two-component 
full-color toner, following coloring agents can be used. The examples of the coloring agent for magenta toner include 
C.l. pigment red 1, 2,3,4, 5, 6, 7, 8, 9, 10, 11 , 12, 13, 14, 15, 16, 17, 18, 19,21,22,23, 30, 31 , 32, 37,38, 39.40, 41, 
48, 49, 50,.51, 52, 53, 54, 65, 57, 58, 60, 63, 64, 68, 81, 83, 87, 88, 89, 90, 112, 114, 122, 123, 163, 202, 206, 207, 
209, CJ. pigment violet 19, C.l. vat red 1, 2, 10, 13, 15. 23, 29 and 35. 

[0134] in the present invention, the above-mentioned pigment can be singly, but it is more preferable to use a dye 
and a pigment in combination to improve the sharpness, in consideration of the image quality of the full-color image. 
Examples of magenta dye usable in such case Include orl-soluble dyes such as C.l. solvent red 1 , 3, 8, 23, 24, 25, 27, 
30, 49, 81, 82, 83, 84, 100, 109, 121, C.l. disperse red 9, C.L solvent violet 8, 13, 14, 21, 27, or C.l. disperse violet 1 ; 
and basic dyes such as CJ. basic red 1, 2, 9, 12, 13, 14, 15, 17, 18,22, 23,24,27,29.32, 34,35,36,37, 38,39,40, 
C.l. basic violet 1, 3, 7, 10, 14, 15, 21, 25, 26, 27 or 28. 

[0135] As other coloring pigments, the examples of cyan coloring pigment include C.l. pigment blue 2, 3, 15, 16, 17. 
CJ. vat blue 6, C.l. acid blue 45 and copper phthalocyanlne dyes having 1 to5 phthalimidemethyl radicals substituted 
on the phthalocyanlne skeleton. 

[0136] Examples of yellow coloring pigment Include C.l. pigment yellow 1 , 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16, 
17, 23, 65, 73, 83, C.l, vat yellow 1 , 3 and 20. 

[0137] The pigments and dyes mentioned above may be used singly or in an arbitrary mixture In order to obtain 
desired toner color Also in case of considering environmental security or safety to the human body, various edible 
dyes can be used advantageously. The content of the coloring agent in the toner can be varied over a wide range 
according to the desired coloring effect. For obtaining the optimum toner characteristics, namely in consideration of 
the coloring power on the print, shape stability of toner and scattering of toner, such coloring agent Is usually used in 
an amount of 0.1 to 60 mass parts, preferably 0,5 to 20 mass parts with respect to 1 00 mass parts of the binder resin. 

(Other components of toner) 

[01 38] The electrostatic latent image developing toner of the present invention may include, in addition to Uie afore- 
mentioned binder resin and coloring agent, the following compounds within an extent not detrimentally affecting the 
effect of the present invention (not exceeding the content of the binder resin). Examples of such compound include 
silicone resin, aliphatic or alicycllc hydrocarbon resin such as polyester, polyurethane, polyamlde, epoxy resin, poly- 
vlnylbutyral, rosin, denatured rosin, terpene resin, phenolic resin, low molecular weight polyethylene or low molecular 
weight polypropylene, aromatic petroleum resin, chlorinated paraffin and paraffin wax. Among these, there is preferably 
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employed wax, and the exampies thereof Include iow molecular weight polypropylene and byproducts thereof, low 
molecular weight polyester, ester wax and aliphatfc derivatives. Wax classified by the mofecular weight by means of 
various methods is also preferably employed in the present invention. After the classification, there may be also exe- 
cuted oxidation, block copolymerrzation or graft denaturing. 
3 [0139] The electrostatic latent image developing toner of the present invention provides particularly excellent char- 
acteristics in case the toner Includes the aforementioned wax component and such wax component Is dispersed in 
substantially sphericaland/or spindle-shaped islands In the binder resin In the observation of the toner section under 
the transmission electron microscope (TEM). 

(Method of toner preparation) 

[0140] The electrostatic latent Image developing toner of the present invention, having the above-described config- 
uration, can be prepared by any known method. The electrostatic latent image developing toner of the present invention 
can be prepared by so-called pulverizing method for obtaining the toner by the following steps. More specifically, the 

^5 electrostatic latent Image developing toner of the present invention can be prepared by sufficiently mixing the afore- 
mentioned compound of the present invention, resins such as the binder resin and wax to be added If necessary by a 
mixer such as a Henshell mixer or a ball mill, then mutually dissolving the resins by fusion kneading with a heat kneader 
such as heated rollers, a kneader or an extruder, then dispersing or dissolving therein additives such as pigment, dye 
or magnetic material as the coloring agent, and a metallic compound to be added if necessary, then solidifying the 

20 mixture by cooling, pulverizing the solidified mixture with a pulverizer such as a jet mill or a bail mill and executing 
classification to a desired particle size. In the classifying step, there is preferably employed a multi-division classifier 
in consideration of the production efficiency. 

[0141] The electrostatic latent image developing toner of the present invention can also be obtained by mixing the 
binder resin and the compound of the present invention in solution, utilizing solvent (for example aromatic hydrocarbon 

^5 such toluene or xylene, halogenated solvent such as chloroform or ethylene dlchloride, ketone such as acetone or 
methylethyiketone, or amide such as dimethylformamlde), charging the solution into water after agitation to achieve 
re-precipitation, then filtering and drying tlie precipitate, pulverizing the solid with a pulverizer such as a jet mill or a 
ball mill and executing classification to obtain the desired particle size. In the classifying step, there is preferably em- 
ployed a multi-division classifier in consideration of the production efficiency. 

30 £0142] The electrostatic latent image developing toner of the present invention can also be obtained by so-called 
polymerization method explained in thefollowing. In this case, the compound of the present invention, a polymerizable 
monomer, a pigment, dye or magnetic material serving as the coloring agent, and a crosslinking agent, a polymerization 
Initiator, wax and other additives if necessary are mixed and dispersed and are subjected to suspension polymerization 
in aqueous dispersion medium in the presence of a surfactant to obtain polymerized colored resin particles, which are 

35 then separated from the liquid phase, dried and subjected to classification if necessary to obtain the electrostatic latent 
Image developing toner of the present Invention. 

[0143] ft is also possible to prepare the colored particles without the charge control agent by the above-described 
methods and to fix the compound of the present invention singly or together with an externally added material such as 
colloidal sflica onto the surface of the particles by a mechanochemical method. 
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(Externally added silica) 



[0144] In the present invention, it Is preferable to externally add, to the toner prepared in the above-described meth- 
ods, fine silica powder in order to Improve the charge stability, developabiiity, flowability and durability. The fine silica 

^ powder to be employed for this purpose provides satisfactory result In case the specific surface area measured by the 
nitrogen absorption by the BET method is at least equal to 20 m^/g (particularly 30 to 400 m^/g). in such case, the fine 
silica powder is used in an amount of 0.01 to 8 mass parts, preferably 0.1 to 5 mass parts, with respect to 1 00 mass 
parts of toner particles. The fine silica powder to be used Is preferably processed, in necessary in order to control the 
hydrophobiclty and charging ability, with silicone varnish, denatured silicon varnish, silicone oil, denatured silicone oil, 

50 silane coupling agent, silane coupling agent containing functional radicals, or othere organic silicon compounds. These 
processing agents may be used as a mixture. 

(in organic powder) 

S5 [0145] It is also preferable to add the following Inorganic powder in orderto improve the developabiiity and durability 
of the toner. Examples of such inorganic powder include oxides of metals such as magnesium, zinc, aluminum, cerium, 
cobalt, Iron, zirconium, chromium, manganese, strontium, tin or antimony; complex metal oxides such as calcium ti- 
tanate, magnesium titanate or strontium titanate; metal salts such as calcium carbonate, nriagnesium carbonate, or 
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aluminum carbonate; clay minerals such as caolln; phosphate compounds such as apatite; silicon compounds such 
as silicon carbide or silicon nitride; and carbon powder such as carbon black or graphite. Among these, particularly 
preferred is fine powder of zinc oxide, aluminum oxide, cobalt oxide, manganese dioxide, strontium titanate or mag- 
nesium titanate. 

5 

(Lubricant) 

[0146] It Is also possible to addfoHowIng lubricantpowderto the toner. Examples of such lubricant include fiuorinated 
resins such as teflon poiyfluorovinyiidene; fiuorinated. compounds such as carbon fJuoride; metal saits of fatty acids 
10 such as zinc stearate; fatty acid derivatives such as fatty acid or fatty acid ester; and molybdenum sulfide. 

(Carrier) 

[01 47] The electrostatic latent image developing toner of the present Invention can be used singly as the non-mag- 
netic one-component developer, or applied to the conventionaliy known various toners such as non-magnetic toner 
constituting the magnetic two-component developer together with magnetic carrier or magnetic toner to be singfy used 
as the magnetic one-component toner. In case of use in the two-component developing method, there can be utilized 
any known carrier. More specifically, the carrier particles can be constituted by particles of an average particle size of 
20 to 300 Jim composed of a surfacialiy oxidized or unoxidized metal such as iron, nickel, cobalt, manganese, chromium 
20 or a rare earth metal, or alloys or oxides thereof. The carrier to be employed in the present invention is preferably 
covered, on the surface of the carrier particles, with styrene resin, acrylic resin, silicone resin, fiuorinated resin, polyester 
resin or the like. 
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(l^ilagnetic toner) 



[0148] The efectrostatk) latent Image developing toner of the present Invention can also be formed as magnetic toner 
by including a magnetic material in the toner particles. In such case, the magnetic material may also serve as a coloring 
agent. Examples of such usable magnetic material include iron oxides such as magnetite, hematite or ferrite; metals 
such as Iron, cobalt or nickel; and alloys of such metals with other metals such as aluminum, cobalt, copper, tead, 
30 magnesium, tin, zfnc, antimony, beryllium, bismuth, cadmium, calcium, manganese, selenium, titanium, tungsten or 
vanadium; and mixtures thereof. Such magnetic material to be used in the present invention has an average particle 
size not exceeding 2 \xrr\, preferably 0.1 to 0,5 \xm. The content in the toner is preferably 20 to 200 mass parts, more 
preferably 40 to 160 mass parts with respect to 1 00 mass parts of the binder resin. 

[01 49] Also for achieving higher image quality, it is necessary to enable faithful development of smaller latent image 
35 dots, and, for this purpose, it is preferable that the electrostatic latent image developing toner of the present invention 
has a weight-averaged particle size within a range of 4 to 9 jxm. The toner particles with a weight-averaged particle 
size less than 4 \irr\ is undesirable because the transfer efficiency becomes lower to increase the toner amount re- 
maining on the photosensitive member thereby resulting in image fog and uneven Image caused by defective transfer 
Also the toner particles with a weight-averaged particle size exceeding 9 pm tends to cause scattering of characters 
40 and line images. 

[01 50] In the present Invention, the average particle size and the particle size distribution of the toner were measured 
with the Coulter Counter TA-ll or Coulter Muttisizer (supplied by Coulter Inc.) connected to an interface (supplied by 
Nippon Kagaku Kikai Co.) and a personal computer PC9B01 (supplied by NEC) for outputting the number distribution 
and the volume distribution. As the electrolyte used In the measurement, there was prepared 1 % NaCl aqueous solution 

45 with 1st grade sodium chloride. The electrolyte can also be for example composed of commercially available ISOTON 
R-ll (supplied by Coulter Scientific Japan Inc.). In the measurement, a surfactant (preferably alkylbenzene sulfonate 
salt) as the dispersant was added man amount of 0. 1 to 5 ml to 1 00 to 1 50 ml of the aforementioned aqueous electrolyte 
solution, and a specimen for measurement was added by 2 to 20 mg to obtain the measurement sample. At the meas- 
urement, the electrolyte liquid In which the measurement specimen was suspended was subjected to dispersion for 

so about 1 to 3 minutes by an ulljasonic disperser, and was subjected to the measurement of volume and number of toner 
of 2 ^m or larger in the Coulter Counter TA-I! with an aperture of 1 00 jim, thereby calculating the volume distribution 
and the number distribution. Then there were detenninGd the weight-averaged particle size (D4) based on the volume 
calculated from the volume distribution of the present invention, and the length-averaged particle size (Dl) based on 
the number calculated from the number distribution. 



(Charge amount) 

[0151] The electrostatic latent image developing toner of the present invention preferably has a charge amount per 
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unit mass (two component method) of -10 to -80 jiC/g, preferably -15 to -70 jaC/g in order to improve the transfer 
efficiency in the transfer method utilizing a voltage-applied transfer member. 

[0152] fn the foilowfng there wiff be explained the method for measuring the charge amount by the two-component 
method (two-component tribe) employed in the present invention. For the measurement, there was employed a charge 
amount measuring apparatus shown in Fig. 7. At first, a mixture consisting of 9.5 g of carrier, composed of EFV 299/300 
(suppiled by Powdertech Inc.) and 0.5 g of the toner to be measured, was charged in a polyethylene bottle of 50 to 
100 ml, then piaced on a vibrator of a constant amplitude and was shaked for a predetermined time under an amplitude 
of 100 mm and a vibrating speed of 100 cycle/minute. Then 1 .0 to 1 .2 g of the aforementioned mixture was charged 
in a metallic measurement container 42 of the charge amount measuring apparatus shown In Fig. 7, having a screen 
43 of 500 mesh at the bottom, and a metal cover 44 was placed. The mass of the entire measurement container 42 
was measured as W1 (g). Then suction was executed with an unrepresented suction device (made Insulating at least 
In a portion In contact with the measurement container 22) from a suction aperture 47, and an air amount adjusting 
vaive 46 was so adjusted that a vacuum meter 45 indicated a pressure of 2450 Pa (250 mm Aq). The suction was 
executed for 1 minute in this state to eliminate the toner by suction. The potential Indicated by a potential meter 49 
was selected as V (volt). A capacitor 48 had a capacity C (|iF). The mass of the entire measurement container after 
sucking was measured as W2(g). The triboelectric charge amount of the toner (p-C/g) was calculated from these meas- 
ured values according to the following formula: 



Trlboeiectric charge amount (jxC/g) = C x \//(W1 - W2). 
(Molecular weight distribution of binder resin) 

[0153] The binder resin to be employed as a constituent of the electrostatic latent image developing toner of the 
present invention preferably has, particularly in case of preparation by the pulverizing method, a peak in the low mo- 
lecular weight range In the GPC molecular weight distribution within a range of 3.000 to 15.000, If the GPC peak in 

the low molecular weight range exceeds 1 5,000, the transfer efficiency may become insufficient. Also the binder resin 
having a GPC peak in the low molecular weight range less than 3,000 is undesirable because fusion tends to be caused 
at the surface treatment. 

[0154] in the present Invention, the molecuiar weight of the binder resin was measured by GPC (gel penneation 
chromatography). More specifically, the molecular weight measurement by the GPC was executed by employing a 
sample obtained by extracting the toner with THF (tetrahydrofurane) for 20 hours in a Soxiet extractor, also employing 
a column configuration formed by connecting A-801 . 802, 803, 804, 806, 806 and 807 supplied by Showa Denko Co. 
and utilizing a calibration line of standard polystyrene resin. Also In the present invention, it is preferable to use binder 
resin having a ratio (Mw/Mn) of the weight-average molecular weight (Mw) and the number average molecular weight 
(Mn), measured as explained in the foregoing, within a range of 2 to 1 00. 



(Glass transition point of toner) 



[0155] Furthermore, the toner of the present invention is so prepared, with suitable materials, as to have a glass 
transition point Tg preferably within a range of 40 to 75*'C, more preferably 52 to 70°C in consideration of the fixabflity 
and storabllity. The glass transition point Tg can be measured, for example, by a highly precise scanning differential 
themiai analyzer of internal input compensation type such as Perkin Elmer DSC-7, The measurement is executed 
according to ASTM D3418-82. In the present invention, the measurement of the glass transition point is preferably 
executed by once heating the specimen to eliminate the prior hysteresis, then rapidly cooling the specimen and utilizing 
a DSC curve obtained heating the specimen again within a range of 0 to 200**C with a heating rate of 1 0^C/min. 

(Image fomirng method) 



so [0156] The electrostatic latent image developing toner of the present invention having the aforementioned configu- 
ration is particularly preferably applied to an image forming method at least comprising a charging step of externally 
applying a voltage to a charging member thereby charging an electrostatic latent image bearing member, a step of 
forming an electrostatic latent image on the charged electrostatic latent Image bearing member, a development step 
of developing the electrostatic latent image with electrostatic latent image developing toner thereby forming a toner 

55 image on the electrostatic latent image bearing member, a transfer step of transferring the toner image on the electro- 
static latent image bearing member onto a recording material, and a heat fixation step of heat fixing the toner image 
on the recording material, or an image forming method in which the above-mentioned transfer step consists of a first 
transfer step of transferring the toner image on the electrostatic latent image bearing member onto an intermediate 
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transfer member and a second transfer step of transferring the toner image on the intermediate transfer member onto 
tlie recording material, 

[Examples] 

5 

[0157] In thefollowing, the present invention will be explained in more details by examples thereof. These examples 
represent examples of the optimum embodiments of the present invention, but the present invention is by no means 
limited by these examples. 

[0158] At first the following examples 1 to 1 0 show production of PHA mciuding, in the polymer molecule, the 3-hy- 
10 droxy-5-(2-thienyfsulfinyl) valeric acid unit of the chemical formula (9), the 3-hydroxy-5-(2-thienylsulfonyl) valeric acid 
unit of the chemical formula (10), and at feast a chloro-substltuted unit among the following four units, namely the 
5-chioro-3-hydroxy-5-(2-thlenylsulfinyi) valeric acid unit of the chemical formula (11), 5-chloro-3-hydroxy-5-(2-thienyl- 
sulfonyl) vaferic acid unit of the chemical formula (12), 5,5-dich!orO'3-hydroxy-5-(2-thienyisulfinyi) valeric acid unit of 
the chemical formula (13) and 5,5-dichloro-3-hydroxy-5-(2-thienylsu!fonyl) valeric acid unit of the chemical formula 
^5 (14), by culturing PHA producing bacteria in a culture medium containing 5-(2-thienylsulfanyf) valeric acid as a raw 
material, and then processing PHA produced by the PHA producing bacteria with sodium hypochlorite. 

(Example 1) 

20 [0159] 1 000 mi of M9 culture medium containing 0,5% of commercial polypeptone (supplied by Wako Chemical Co.) 
and 0.1 % of 5-(2-thienyfsulfanyl) valeric acid was charged in a 2000 ml shaking fiask, then the strain YN2 was inoc- 
ulated and shaking culture was executed for 62 hours under conditions of 30**C and 125 stroke/minute. The bacteria 
cells were recovered from the obtained culture liquid by centrifuging (78000 m/S2(=8000G), 4"C, 10 minutes). 
[0160] The recovered cells were suspended In 40 ml of purified water, and 20 ml of sodium hypochlorite aqueous 

25 solution (supplied by Kishida Chemical Co., effective chlorine concentration 5% or higher) was added. The mixture 
was shaked for 2 hours at 4**C, to solubilize the ceil components other than the desired PHA and to oxidize and chlo- 
rinate PHA. After the reaction, the PHA was separated and recovered as an insoluble component from the process 
liquid by centrifuging (29400 m/S2{=3000G), 4*'C, 30 minutes). The separated PHA was again suspended in 70 ml of 
purified water, and the PHA was separated and recovered by centrifuging (29400 m/S2(=3000G) , 4^C, 30 minutes). 

30 The re-SLispenslon and centrifuging were repeated in three cycles In total to rinse the PHA. Finally, the rinsed PHA 
was suspended in 10 ml of purified water and was lyophliized to obtain 445 mg (dry weight) of PHA particles. 
[0161] The average molecular weight of obtained PHA was measured by gel permeation chromatography (GPC) 
u nder the foliowing conditions: 

55 apparatus: Toso HLC-8020; 

column: Polymer Laboratory PLgel MIXED-C (5|j.m) X 2; 
moving layer solvent: DMF containing 0.1 mass% 

LiBr: 

40 and was obtained as the molecular weight converted into polystyrene. Also structure of obtained PHA was measured 
by proton-nucleomagnetic resonance Ch-NIWR) under the following conditions: 

apparatus: Bruker DPX400 FT-NIWR; 
/■H resonance frequency: 400 MHz; 
45 measured nucleus species: ""H; 

solvent: CDCig; 

reference: capillary-sealed TMS/CDCI3; 
measurement temperature: room temperature. 

so [0162] Fig. 8 shows the obtained chart of measured ""H-NMR spectrum, and Table 1 shows the result of calculation 
of the content (mol%) of the monomer unit based on the measurement by the ^H-NMR. Also the PHA has a number 
average molecular weight (Mn) of 11 .000, a weight average molecular weight (Mw) of 1 7,900 and a ratio Mw/Mn of 1 .6. 
[0163] The ""H-NMR analysis Indicated that, in the obtained PHA, 3-hydroxy-5-(2-thienylsulfanyl) valeric add unit 
contained In the precursor PHA produced by the YN2 strain from the starting 5-{2-thlenylsurfanyO valeric acid Is con- 

55 verted by processing with sodium hypochlorite into 3-hydroxy-5-(2-thienylsulfinyl) valeric acid unit of the chemical for- 
mula (9), 3-hydroxy-5-(2-thienylsulfonyl) valeric acid unit of the chemical fonnula (1 0), 5-chlorO"3-hydroxy-5-(2-thienyl- 
sulfinyl) valeric acid unit of the chemical fonnula (11), 5-chloro-3-hydroxy-5-(24hienyl'SUlfonyl) valeric acid unit of the 
chemical formula (12), 5,5-dichloro-3-hydroxy-5-(2-thienylsulfinyi) vaieric acid unit of the chemical formula (13) and 
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5,5-dich(oro-3-hydroxy-5-(2-thienylsulfonyl) valeric acid unit of the diem icai formula (14). In addition it was confinned 
that PHA included, as other units, a straight-chain 3-hydroxy alkanoic acid unit with 4 to 1 2 carbon atoms of the general 
formula (7) or a strafght-chain 3-hydroxyafk-5-enoic acid unit of the general formula (8). In Table 1, the strarght-chain 
3-hydroxy alkanoic acid unit with 4 to 12 carbon atoms of the general fonmula (7) and the straight-chain 3-hydroxy- 
alkenolc acid unit of the general formula (8) are collectively indicated as 3HA. 



Table 1 



Kinds of units 


NMR (mol%) 


formulas (9) and (10) 


18.8 


formulas (11) and (12) 


53.8 


formulas (13) and (14) 


6.3 


3HA 


21.1 



[0164] The units of the chemfcal formulas (9) and (10), those of the chemical formulas (11) and (12) or those of the 
chemical formulas (13) and (14) are difficult to individually identify the amounts by NMR, so that Table 1 shows the 
amounts in total. In consideration of the results of infrared absorption spectrum and thermal decomposition GC-MC 
analysis in addition to the NMR analysis, it was concluded that the polymer contained all the aforementioned chloro- 
substituted units. 

(Example 2) 

|01 65] 1 000 ml of M9 culture medium containing 0.6% of commerci^ polypeptone (supplied by Wako Chemical Co,) 
and 0-1 %of 5-(2-thiGnylsulfanyl) valeric acid was charged in a 2000 ml shaking flask, then the strain H45 was inoculated 
and shaking culture was executed for 62 hours under conditions of 30°C and 125 stroke/minute. The bacteria cells 
were recovered from the obtained culture liquid by centrifuging (78000 m/S2(=8000G), 4°C, 10 minutes). 
[0166] The obtained cells were processed with sodtum hypochlorite under the conditions similar to those in the ex- 
ample 1 to obtain 255 mg (dry weight) of polyhydroxyalkanoate. 

(Example 3) 

[0167] 1 000 ml of M9 culture medium containing 0.5% of commercial polypeptone (supplied by Wako Chembaf Co.) 
and 0.1 % of 5-(2-thienylsulfanyl) valeric acid was charged in a 2000 ml shaking flask, then the strain P161 was inoc- 
ulated and shakrng culture was executed for 62 hours under conditions of SO^'C and 125 stroke/minute. The bacteria 
cells were recovered from the obtained culture liquid by centrifuging {78000nfVS2(=8000G), 4°G, 10 minutes). 
[0168] The obtained cells were processed with sodium hypochlorite under the conditions similar to those in the ex- 
ample 1 to obtain 220 mg (dry weight) of polyhydroxyalkanoate. 

(Example 4) 

[0169] 1 000 ml of M9 culture medium containing 0.5% of glucose and 0.1 % of 5-(2-thienylsulfanyl) valeric acid was 
charged in a 2000 ml shaking flask, then the strain YN2 was inoculated and shaking culture was iBxecuted for 45 hours 
under conditions of 30**C and 1 25 stroke/minute. The cultured bacteria were recovered from the obtained culture liquid 
by centrtfuging. The recovered cultured bacteria were re-suspended in 1 000 ml of M9 culture medium containing 0.5% 
of glucose and 0.1 % of 5-(2-thjenylsulfanyl) valeric acidbut not containing nitrogen source (NH4CI), and were subjected 
to shaking culture in a 2000 ml shaking flask for 48 hours under conditions of 30**C and 125 stroke/minute. The bacteria 
cells were recovered from the culture liquid by centrifuging (78000m/S2(=8000G), 4**C, 10 minutes). 
[0170] The obtained cells were processed with sodium hypochlorite under the conditions similar to those In the ex- 
ample 1 to obtain 960 mg (dry weight) of polyhydroxyalkanoate. 

(Example 5) 

[0171] 1 000 ml of M9 culture medium containing 0.5% of glycerol and 0.1 % of 5-(2-thlenylsulfanyl) valeric acid was 
charged rn a 2000 ml shaking flask, then the strain YN2 was inoculated and shaking culture was executed for 46 hours 
under conditions of 30^C and 125 stroke/minute. The cultured bacteria were recovered from the obtained culture liquid 
by centrifuging. The recovered cultured bacteria were re-suspended in 1 000 ml of M9 culture medium containing 0.5% 
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of glycerol and 0.1 % of 5-(2-thienylsulfanyl) valeric acicj but not containing nitrogen source (NH4CI), and were subjected 
to shaking culture in a 2000 ml shaking flask for 48 hours under conditions of 30''C and 1 25 stroke/minute. The bacteria 
cells were recovered from the culture liquid by centrifuging {78000m/S2(=8000G), 4°C, 10 minutes), 
[0172] The obtained cells were processed with sodium hypochlorite under the conditions similar to those in the ex- 
5 ample 1 to obtain 830 mg (dry weight) of polyhydroxyalkanoate. 

(Example 6) 

[0173] 1 000 ml of M 9 culture medium containing 0.5% of polypeptone and 0.1 % of 5-(2-thlenylsulfanyJ) valeric acid 
10 was charged In a 2000 ml shaking flask, then the strain YN2 was inoculated and shaking culture was executed for 45 
hours under conditions of 30**C and 125 stroke/minute. The cultured bacteria were recovered from the obtained culture 
liquid by centrifuging. The recovered cultured bacteria were re-suspended In 1 000 ml of M9 culture medium containing 
0.5% of sodium pyruvate and 0.1 % of 5-(2-thlenylsulfanyl) valeric acid but not containing nitrogen source (NH4CI), 
and were subjected to shaking culture in a 2000 ml shaking flask for 48 hours under conditions of 30°C and 125 stroke/ 
'5 minute. The bacteria cells were recovered from the culture liquid by centrifuging (78000m/S2(=8000G), 4=^C, 10 min- 
utes). 

[01 74] The obtained cells were processed with sodium hypochlorite under the conditions similar to those in the ex- 
ample 1 to obtain 1410 mg (dry weight) of polyhydroxyalkanoate. 

20 (Example 7) 

[0175] 1000 ml of M9 culture medium containing 0.5% of commercial yeast extract (supplied by Difco Co.) and 0.1 
% of 5-(2-thienylsulfanyl) valeric acid was charged in a 2000 ml shaking flask, then the strain YN2 was inoculated and 
shaking culture was executed for 62 hours under conditions of SO^'C and 125 stroke/minute. The cultured bacteria were 
25 recovered from the culture liquid by centrifuging (78000nn/S2{=8000G), 4"C, 1 0 minutes). 

[0176] The obtained cells were processed with sodium hypochlorite under the conditions similar to those In the ex- 
ample 1 to obtain 120 mg (dry weight) of poiyhydroxyalkanoate. 

(Example 8) 

30 

[01 77] 1 000 ml of IVI9 culture medium containing 0.5% of sodium pyruvate and 0.1 % of 5-(2-thienylsulfanyl) valeric 
acid was charged in a 2000 ml shaking flask, then the strain YN2 was Inoculated and shaking culture was executed 
for 62 hours under conditions of 30''C and 125 stroke/minute. The cultured bacteria were recovered from the culture 
liquid by centrifuging (78000m/S2 (=8000G), A^'C, 10 minutes). 
35 [0178] The obtamed cells were processed with sodium hypochlorite under the conditions similar to those in the ex- 
ample 1 to obtain 425 mg (dry weight) of polyhydroxyalkanoate. 

(Example 9) 

40 [0179] 1 000 ml of M9 culture medium containing 0.5% of sodium glutamate and 0.1 % of 5-(2-thienylsulfanyl) valeric 
acid was charged in a 2000 ml shaking flask, then the strain YN2 was inoculated and shaking culture was executed 
for 62 hours under conditions of SO^'C and 125 stroke/minute. The cultured bacteria were recovered from the culture 
liquid by centrifuging (78000m/S2(^8000G), 4°C, 10 minutes). 

[0180] The obtained cells were processed with sodium hypochlprite under the conditions similar to those in the ex- 
45 ample 1 to obtain 410 mg (dry weight) of polyhydroxyalkanoate. 

(Example 10) 

[0181] 1000 ml of M9 culture medium containing 0,1% of nonanoic acid and 0.1 % of 5-(2-thienylsulfanyl) valeric 
so acid was charged in a 2000 ml shaking flask, then the strain YN2 was inoculated and shaking culture was executed 
for 62 hours under conditions of 30**C and 125 stroke/minute. The cultured bacteria were recovered from the culture 
liquid by centrifuging (78000m/S2(=8000G), 4°C, 10 minutes). 

[0182] The obtained cells were processed with sodium hypochlorite under the conditions similar to those in the ex- 
ample 1 to obtain 430 mg (dry weight) of polyhydroxyalkanoate. 

[0183] The polyhydroxyalkanoates obtained In the foregoing examples 2 to 1 0 were subjected to the NMR analysis 
and molecular weight measurement under the same conditions as those in the example 1 ..Table 2 shows the contents 

of the units calculated from the result of NMR analysis, and Table 3 shows the average molecular weights. In Table 2, 
the straight-chain 3-hydroxy alkanoic acid unit with 4 to 12 carbon atoms of the general formula (6) and the straight- 
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chain 3-hyclroxyalkenoic acid LFnrt of the general fonnula (7) are collectively indicated as 3HA. 



Table 2 





PHA(mg) 


Unit content (mor/o) 


formulas (9)&(10) 


formulas (11)&(12) 


formulas (13)&(14) 


3HA 


Ex.2 


255 


19.3 


65.4 


7.3 


8.0 


Ex, 3 


220 


19.6 


65.5 


7.4 


7.5 


Ex. 4 


960 


20.3 


60.7 


7.6 


11.5 


Ex.5 


830 


19.7 


55.5 


7.4 


17.4 


Ex.6 


1410 


21.1 


63,3 


7.2 


8.4 


Ex.7 


120 


21.0 


61.9 


7.0 


10.1 


Ex. 8 


425 


21.5 


62.4 


5.6 


10.5 


Ex. 9 


410 


21.9 


61.9 


7.3 


8.9 


Ex. 10 


430 


1.8 


5.1 


0.6 


92.5 



Table 3 



25 



30 



35 





Mn 


Mw 


Mw/Mn 


Ex. 2 


12100 


19800 


1.6 


Ex.3 


10700 


18200 


1.7 


Ex. 4 


12300 


18500 


1.5 


Ex.5 


11300 


18400 


1,6 


Ex. B 


10900 


17400 


1.6 


Ex. 7 


10800 


18300 


1.7 


Ex. 8 


12500 


20400 


1.6 


Ex.9 


12000 


20400 


1.7 


Ex. 10 


12100 


19300 


1.6 



[0184] The following examples 11 to 14 show production of PHA including, in the polymer molecule, 3-hydroxy- 
6-(2-thienylsu]finyl) hexanoic acid unit of the chemical formula (21), 3-hydroxy-6-(2-thienylsulfonyl) hexanoic acid unit 
of the chemical fomnula (22), at least a chloro-substituted unit among the following four units, namely 6-chloro-3-hy- 
droxy-6-(2-thienylsulfiny[) hexanoic acid unit of the chemical fonmufa (23), 6-chloro-3-hydroxy-6-(2-thienylsulfonyl) hex- 
anoic acid unit of the chemical fomnula (24), 6.6-dichloro-3-hydroxy-6-(2-thienyjsulfinyl) hexanoic actd unit of the chem- 
ical formula (25) and 6,6-dichloro-3-hydroxy'6-(2-threnylsulfonyl) hexanoic acid unit of the chemical fomnula (26), 3-hy- 
droxy-4-(2-thienylsulfinyl) bLrtyricacid unit of tfie chemical fonnula (15), 3-hydroxy-4-(2-thienylsulfonyl) butyric acid unit 
of the chemical formula (16), and at least a chJoro -substituted unit among the following four units, namely 4-chloro- 
3-hydroxy-4-(2-thienylsu]finyl) butyric acid unit of the chemical formula (17), 4-chloro-3-hydroxy-4-(2-thienylsulfonyl) 
butyric acid unit of the chemical formula (1 8), 4,4-dlchloro-3-hydroxy--4-(2-thienylsulfinyl) butyric acid unit of the chem- 
ical formula (19) and 4,4-dichloro-3-hydroxy-4-(2-thlenylsulfonyl) butyric acid unit of the chemical formula (20), by 
culturing PHA producing bacteria in a culture medium containing the starting 6-(2-thlenylsuffanyl) hexanoic acid, and 
then processing PHA produced by the PHA producing bacteria with sodium hypochlorite. 

(Example 11) 

[0185| 1000 ml of M9 culture medium containing 0,5% of commercial polypeptone (supplied by Wako Chemical Co.) 
and 0.1 % of 6-(2-thfenylsulfanyl) hexanoic acid was charged in a 2000 ml shaking flask, then the strain YN2 was 
inoculated and shaking culture was executed for30 hours under conditions of 30°C and 1 25 stroke/minute. The bacteria 
cells were recovered from the obtained culture liquid by centrifuging (7800a7i/S^(=B000G), 4°C, 10 minutes). 
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[0186] The recovered cells were suspended in 40 ml of purified water and 20 ml of sodium hypochlorite aqueous 
solution (supplied by Kishida Chemical Co., effective chlorine concentration 5% or higher) was added. The mixture 
was shaked for 2 hours at 4°C, to solubillze the cell components other than the desired PHA and to oxidize and chlo- 
rinate PHA. After the reaction, the PHA was separated and recovered as an insoluble component from the process 

5 liquid by centrif uging (29400m/S2(=3000G), 4*^0, 30 minutes). The separated PHA was again suspended In 70 ml of 
purified water, and the PHA was separated and recovered by centrifuglng (29400m/S2(=3000G)» 4°C, 30 minutes). 
The re-suspension and centrifuging were repeated in three cycles fn total to rinse the PHA. Finally, the rinsed PHA 
was suspended In 1 0 ml of purified water and was lyophilized to obtain 440 mg (dry weight) of PHA pari:icies. 
[0187] The polyhydroxyalkanoate obtained in the example 11 was subjected to the NMR analysis and molecular 

10 weight measurement under the same conditions as those in the example 1 . Table 4 shows the contents of the units 
(mol%) calculated from the result of NMR analysis, in Table 4, the straight-chain 3-hydroxy alkanoic acid unit with 4 to 
12 carbon atoms of the general formula (7) and the strafght-chain 3-hydroxyalkenoic acfd unit of the general formula 
(8) are collectively indicated as 3HA. Also the PHA had a number average molecular wefght (Mn) of 3800, a weight 
average molecular weight (Mw) of 6500 and a ratio Mw/Mn of 1 ,7. 

15 [Q188] It was conffrmedthat the obtained polyhydroxyalkanoate contained 3-hydroxy-4-(2-thienylsulfinyl) butyric acid 
unit of the chemical formula (15), 3-hydroxy-4-(2-thienylsulfonyl) butyric acid unit of the chemical formula (16), 4-chloro- 
3-hydroxy"4-(2-thienylsulfinyl) butyric acid unit of the chemical formula (17), 4-chloro-3-hydroxy-4-(2-thlenyfsulfonyl) 
butyric acid unit of the chemical formula (1 8), 4,4-dichloro-3-hydroxy-4-(2-thlenylsulfinyl) butyric acid unit of the chem- 
ical formula (19) and 4,4-dichloro-3-hydroxy-4-(2-thfenylsulfonyl) butyric acid unit of the chemical formula (20), 3-hy- 

20 droxy-6-(2-thi€nylsulfinyl) hexanoic acid unit of the chemical formula (21), 3-hydroxy-6-(2-thienylsutfonyl) hexanoic 
acid unit of the chemical fomiula (22), 6-chloro-3-hydroxy-6-(2-thienylsulfinyl) hexanoic acid unit of the chemical formula 
(23), 6-chloro-3-hydroxy-6-(2-thienylsulfonyl) hexanoic acid unit of the chemical formula (24), 6,6-dichloro-3- hydroxy- 
6-(2-thfenyl-sulfinyl) hexanoic acid unit of the chemical formula (25), and 6,6-dichloro-3-hydroxy-6-(2-thienylsulfonyl) 
hexanoic acid unit of the chemical formula (26), and also as another unit, straight-chain 3-hydroxy alkanoic acid unit 

35 With 4 to 12 carbon atoms of the general formula (7) and straight-chain S-hydroxyalkenoic acid unit of the general 
formula (8). 



Table 4 



Kinds of units 


NMR (mol%) 


formulas (15) and (16) 


10.9 


formulas (17) and (18) 


31.3 


fomiulas (19) and (20) 


3.8 


formulas (21) and (22) 


8.5 


formulas (23) and (24) 


23.8 


formulas (25) and (26) 


2.7 


3HA 


19.0 



[0189] The units of the chemical fomiulas (1 5) and (1 6), those of the chemical fomiulas (1 7) and (1 8), those of the 
chemical fomnulas (19) and (20), those of the chemical formulas (21) and (22), those of the chemical fomnulas (23) 
and (24) or those of the chemical formulas (25) and (26) are difficult to individually identify the amounts by NMR, so 
that Table 4 shows the amounts in total. In consideration of the results of infrared absorption spectrum and thermal 
decomposition GC-MC analysis in addition to the NMR analysis, it was concluded that the polymer contained all the 
aforementioned chloro-substltuted units. 



(Example 12) 

[0190] 1000 ml of M9 culture medium containing 0.5% of commercial polypeptone (supplied by Wako Chemical Co.) 
and 0.1 % of 6-(2-thienylsulfanyl) hexanoic acid was charged in a 2000 ml shaking flask, then the strain H45 was 
inoculated and shaking culture was executed for 30 hours under conditions of SO^'C and 125 stroke/minute. The bacteria 
cells were recovered from the obtafned culture liquid by centrifuging (78000m/S^(^8000G), 4°C, 10 minutes). 
[0191] The obtained cells were processed with sodium hypochlorite under the conditions similar to those in the ex- 
ample 11 to obtain 165 mg (dry weight) of polyhydroxyalkanoate. 
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(Example 13} 

[01 92] 1 000 mi of M9 culture medium containing 0.5% of commercial polypeptone (supplied by Wake Chemical Co.) 
and 0.1 % of 6-(2-thienylsuffanyl) hexanoic acid was charged in a 2000 ml shaking flask, then the strain P161 was 
5 inoculated and shaking culture was executed for 30 hours under conditions of 30^0 and 125 stroke/minute. The bacteria 
cells were recovered from the obtained culture liquid by centrifuging C78000m/S^(==8000G), 4°C, 10 minutes). 
[0193] The obtained cells were processed wfth sodium hypochlorite under the conditions sinrillar to those In the ex- 
ample 11 to obtain 100 mg (dry weight) of polyhydroxyalkanoate. 

10 (Example 14) 

[0194] 1000 ml of M9 culture medium containing 0.5% of glucose and 0.1 % of 6-(2-threnylsulfanyl) hexanoic acid 
was charged in a 2000 m! shaking flasl<, then the strain YN2 was inoculated and shaking culture was executed for 45 
hours under conditions of 30^0 and 1 25 stroke/minute. The cultured bacteria were recovered from the obtained culture 

^5 liquid by centrifuging. The recovered cultured bacteria were re-suspended in 1 000 ml of M9 culture medium containing 
0.5% of glucose and 0.1 % of 6-{2-thienylsulfanyl) hexanoic acid but not containing nitrogen source (NH4CI) and sub- 
jected to shaking culture in a 2000 ml shaking flask for 48 hours under conditions of 30'G and 1 25 stroke/minute. The 
bacteria cells were recovered from the obtained culture liquid by centrifuging (78000m/S2(^8000G), 4°C, 1 0 minutes). 
[0195] The obtained cells were processed with sodium hypochlorite under the conditions similar to those In the ex- 

20 ample 11 to obtain 195 mg (dry weight) of polyhydroxyalkanoate. 

[0196] The polyhydroxyalkanoates obtained In the examples 1 2 to 14 were subjected to the NMR analysis and mo- 
lecular weight measurement under the same conditions as those in the example 1 , Table 5 shows the contents of the 
units {mol%) calculated from the result of NMR analysis. Also Table 6 shows the average molecular weight. In Table 
5, the straight-chain 3-hydroxy alkanoic add unit with 4 to 12 carbon atoms of the general formula (7) and the stralght- 

25 chain 3-hydroxyalkenok; acid unit of the general fomiula (8) are collectively indicated as 3HA, 



Table 5 





PHA (mg) 


Unit content (mol%) 


(15)&(16) 


(17)&(18) 


(19)&(20) 


(21) & (22) 


(23) & (24) 


(25) & (26) 


3HA 


Ex.12 


155 


14.8 


42.4 


5.0 


6.3 


18.6 


2.4 


10.5 


Ex.13 


100 


15.8 


45,2 


5.3 


4.9 


13.9 


1.6 


13.3 


Ex, 14 


195 


8.2 


23.7 


3.1 


10.9 


30,0 


4.0 


20.1 



Table 6 





Mn 


Mw 


Mw/Mn 


Ex. 12 


3100 


5300 


1.7 


Ex. 13 


2700 


4500 


1.7 


Ex. 14 


3500 


6400 


1.8 



45 [0197] The compounds obtained In the foregoing examples 1 to 3 and 1 1 to 1 3 were taken as example compounds 
(1) to (6) as shown in Table 7, and were used as the charge control agents in the preparations of various toners and 
were evaluated (examples 15 to 70), 



Table 7 
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Example 1 


Example compound (1) 


Example 2 


Example compound (2) 


Example 3 


Example compound (3) 


Example 1 1 


Example compound (4) 


Example 12 


Example compound (5) 


Example 13 


Example compound (6) 
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15 



20 



25 



30 



35 



40 



(Exampfe 15) 

[0198] At first Na3P04 aqueous solution was charged in a 2-liter 4-neck flask with a high-speed agitator TK- Homo - 
mixer, and was heated to 60°C under agitation of 10.000 rpm. Then CaCj2 aqueous solution was graduaffy added to 
prepare aqueous dispersion medium containing hardly water-soluble dispersant Ca3(P04)2 in finely dispersed state. 
[0199] On the other hand, the folfowing compositron was dispersed for 3 hours in a ball mill, and added with 1 0 mass 
parts of releasing agent (ester wax) and 10 mass parts of 2,2'-azobis-(2,4-dimethylvaleronitrile) as a poiymerization 
initiator to oblarn a polymerizable monomer composition: 



styrene monomer 

ethylhexyl acrylate monomer 

dfvinylbenzene monomer 

cyan coioring agent (C.I. pigment blue 15) 



82 mass parts 
18 mass pan:s 
0.1 mass parts 
6 mass parts 



oxidized polyethylene resin (mol ecu far weight: 3200, 
acid value 8) 
exampfe compound (1) 



5 mass parts 
2 mass parts. 



[0200] Then, thus obtained polymerizable monomer composition was charged Into the above-prepared aqueous 
dispersion medium and particles were formed under agitation of 10,000 rpm. Then reaction was executed for 3 hours 
at 65°C under agitation with a paddle agitator, and polymerization was executed for 6 hours at 80*^0 to terminate the 
polymerization. Afterthe reaction, the suspension was cooled, then added with acid to dissolve the hardly water-soluble 
dispersant Ca3(P04)2, further filtered, rinsed with water and dried to obtain blue polymer particles (1). The obtained 
blue polymer particles (1 ) had a weightaverated particle size of 7.2 jim as measured by the Coulter Counter Multisizer 
(supplied by Coulter Inc.) and a fine powder amount (proportion of the particles not exceeding 3.17|jm in the number 
distribution) of 5.1 number %. 

[0201] 1 00 mass parts of thus prepared blue polymer particles (1 ) were externally added, by dry mixing with a Hen- 
shell mixer, with 1 .3 mass parts of hydrophobic silica powder (BET: 270 m^/g) treated with hexamethyl disiiazane as 
the flowability improving agent, to obtain blue toner (1 ) of Lhe present example. Further, 7 mass parts of the blue toner 
(1 ) and 93 mass parts of resln-coated magnetic ferrite carrier (average particle size 45 jim) to obtain two-component 
blue developer (1) for magnetic brush development. 

(Examples 1 6 to 20) 

[0202] Blue toners (2) to (6) of the examples 1 6 to 20 were obtained by a method similar to that in the example 15 
exceptthatthe example compound (1 ) was respectively replaced by example compounds (2) to (6). The characteristics 
of these toners were measured as in the example 15, and the results are shown in Table 8. Also these toners were 
used as in the example 15 tp respectively obtain two-component blue developers (2) to (6). 

(Comparative example 1 ) 



45 



[0203] Blue toner 7 of the comparative example 1 was obtained by a method simllarto that of the example 1 5, except 

that the exampfe compound was not used. The characteristics of such toner were measured as in the example 15, 
and the results are shown in Table 8. Also such toner was used as in the example 15 to obtain two-component blue 
developer 7. 
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<Evaluation> 

[0204] The two-component blue developers (1 ) to (6) obtained In the examples 15 to 20 and the two-component blue 
developer 7 obtained in the comparative example 1 were subjected to the measurement of toner charge amount after 
agitation for 10 or 300 seconds, by the aforementioned charge amount measuring method, respectively under an 
environment of normal temperature and nonnal humidity (25°C, 60 %RH) and an environment of high temperature 
and high humidity (30^C, 80 %RH). The measured value of the two-component blow-off charge amount was rounded 
at the second place under fractional point, and was evaluated by the following criteria. The results are summarized tn 
Tables: 
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® : very satisfactory (not exceeding -20 fiC/g); 

O: satisfactory (-19.9 to -10.0 |iC/g); 

A: practicaily acceptabfe (-9.9 to -5,0 ^JiC/g); 

X: practicaily unacceptable (-4.9 jxC/g or iiigher). 



Table 8 



Charging characteristics of blue toners 



(1)to (6) 



Examples 


Ex. 

compounu 
No, 


Blue 

toner 
No, 


Part, size distribution 


Chargeabflity 


Ave. 

part, size 
(^m) 


Fine 

powder 

amount 

(number. 

%) 


Nomial temp/nomial 
humidity 


High temp/high 
humidrty 












10 sec 
agit. 


300 sec 
agit. 


1 0 sec. 
agit. 


300 sec 
agit. 


15 


1 


1 


7,2 


5.1 


® 


® 


® 


® 


16 


2 


2 


7.0 


5.0 


© 


© 


O 


© 


17 


3 


3 


7.3 


5.0 


O 


© 


O 


© 


18 


4 


4 


7.1 


5.3 


o 


® 


o 


® 


19 


5 


5 


7.0 


5.4 


® 


® 


o 


® 


20 


6 


6 


6.9 


5.5 


o 


® 


o 


® 


Com 
.ex.1 




7 


7-0 


5.2 


X 


X 


X 


X 



35 



40 



(Examples 21 to 26) 

{0205] YeJIow toners (1 ) to (6) of the examples 21 to 26 were obtained by a method similar to that in the example 15 
except that the example compounds (1) to (6) were respectively used in 2.0 mass parts and the cyan coloring agent 
was replaced by yellow coloring agent (Hanza yellow G). The characteristics of these toners were measured as In the 
example 15, and the results are shown in Table 9. Also these toners were used as In the example 15 to respectively 
obtafn two-component yellow developers (1) to (6). 



(Comparative example 2) 



[0206] Yellow toner 7 of the comparative example 2 was obtained by a method similar to that of the example 15, 
except that the example compound was not used and that the cyan coloring agent was replaced by the yellow coloring 
agent (Hanza yellow G). The characteristics of such toner were measured as in the example 16, and the results are 
shown in Table 9. Also such toner was used as In the example 1 5 to obtain two-component yellow developer 7 of the 
comparative example 2. 

<;Evaluation> 



[0207] The two-component yellow developers (1 ) to (6) obtained in the examples 21 to 26 and the two-component 
yellow developer 7 obtained in the comparative example 2 were subjected to the measurement of toner charge amount 
after agitation for 1 0 or 300 seconds, by the aforementioned charge amount measuring method, respectively under an 
environment of nomial temperature and normal humidity (25°C, 60 %RH) and an environment of high temperature 
and high humidity (30°C, 80 %RH). The measured value of the two-component blow-off charge amount was rounded 
at the second place under fractional point, and was evaluated by the following criteiia. The results are summahzed in 
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Table 9: 

@ : very satisfactory (not exceedrng -20 |xC/g); 

O: satisfactory (-1 9.9 to -1 0.0 ^C/g); 

A: practically acceptable (-9.9 to -5.0 ftC/g); 

X: practically unacceptable (-4.9p.C/g or higher). 



Table 9 



10 



15 



20 



Charging characteristics of yellow 


toners (1) to (6) 


Examples 


Ex. 

compound 
No. 


yellow 

toner 

No. 


Part, size Distribution 


Chargeability 


Ave. 

part. si2e 


Fine 

powder 

amount 

(number. 

%) 


Normal temp/normal 
humidity 


High temp/high 
humidity 












10 sec 
agit. 


300 sec 
agit. 


1 0 sec. 
agit. 


300 sec 
agit. 


21 


1 


1 


7,1 


5.5 


® 




® 


® 


22 


2 


2 


7.3 


5.6 




® 


® 


® 


23 


3 


3 


7.2 


5.4 


® 


® 


O 


® 


24 


4 


4 


7.0 


5.5 


O 




o 


© 


25 


5 


5 


7.1 


5.2 


® 


® 


o 


® 


26 


6 


6 


7.1 


5.1 


® 


® 


o 


® 


Com. ex.2 




7 


7.2 


4.9 


X 


X 


X 


X 



25 



30 



35 



(Examples 27 to 32) 
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[0208] Black toners (1 ) to (6) of the examples 27 to 32 were obtained by a method similar to that in the example 15 
except that the example compounds (1) to (6) were respectively used in 2.0 mass parts and the cyan coloring agent 
was replaced by carbon black (DBP oil absorption amount 110 ml/100 g). The characteristcs of these toners were 
measured as in the example 15, and the results are shown in Table 10. Also these toners were used as in the example 
15 to respectively obtain two-component black developers (1) to (6). 

(Comparative example 3) 

[0209] Black toner 7 of the comparative example 3 was obtained by a method similar to that of the example 15, 
except that the example compound was not used and that the cyan coloring agent was replaced by carbon black (DBP 
oil absorption amount 110 ml/1 00 g). The characteristics of such toner were measured as in the example 15, and the 
results are shown in Table 1 0. Also such toner was used as in the example 15 to obtain two-component black developer 
7 of the comparative example 3. 

<Evaluation> 
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[0210] The two-component black developers (1) to (6) obtained in the examples 27 to 32 and the two-component 
black developer 7 obtained in the comparative example 2 were subjected to the measurement of toner charge amount 
after agitation for 1 0 or 500 seconds, by the aforementioned charge amount measuring method, respectively under an 
environment of nomiaf temperature and nomnal humidity (25°C, 60 %RH) and an environment of high temperature 
and high humidity (SO'^C, 80 %RH). The measured value of the two-component blowyoff charge amount was rounded 
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at the second place under fractional point, and was evaluated by the following criteria. The results are summarized in 
Table 10: 

(o> : very satisfactory (not exceeding -20 |iC/g); 
5 O: satisfactory (- 1 9 . 9 to - 1 0 . 0 \iC/g) ; 

A: practfcally acceptable (-9.9 to -5.0 |xC/g); 

X: practically unacceptable (-4.9 ^C/g or higher). 



10 



15 



20 



25 



30 



Table 10 



Charging characteristics of black 



toners (1)to (6) 



Examples 


Ex, 

compounci 
No, 


black 
toner IMo. 


Part. Size Distribution 


Chargeabllity 


Ave, 

part, size 


Fine 

powder 

amount 

(number 

%) 


Nomial temp/normal 
humidity 


High temp/high 
humidity 












10 sec 
agit. 


300 sec 
agit 


1 0 sec. 
agit. 


300 sec 
agit. 


27 


1 


1 


6.9 


5.1 




© 


© 


© 


28 


2 


2 


7.3 


5.4 


© 


@ 


© 


© 


29 


3 


3 


7.0 


5.5 


O 


® 


O 


® 


30 


4 


4 


7-4 


6.1 


O 


® 


O 


® 


31 


5 


5 


7.1 


5.6 


o 


® 


o 


® 


32 


6 


6 


7.0 


5.2 


o 


© 


o 


© 


Com. ex.3 




7 


6.9 


6.3 


X 


A 


X 


A 



(Example 33) 



[021 1] Following composition: 
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styrene-butyl acrylate copolymer resin (glass transition point 70°C) 
magenta pigment (C.i. pigment red 114) 
example compound (1 ) 



1 00 mass parts 
5 mass parts 
2 mass parts 



was mixed, and fused and kneaded in a twin-screw extruder (L/D = 30). The kneaded substance after cooling was 
roughly pulverized with a hammer mill, then finely pulverized with a jet mill and classified to obtain magenta colored 
particles (1 ) of pulverizing method, which had a weight-averaged particle size of 7.3 ^m and a fine powder amount of 
5.0 number %. 

[0212] 100 mass parts of thus prepared magenta colored particles (1) were externally added, by dry mixing with a 
Henshell mixer, with 1 .5 mass parts of hydrophobic silica powder (BET: 250 m^/g) treated witii hexamethyl disllazane 
as the flowability improving agent, to obtain magenta toner (1) of the present example. Further, 7 pass parts of the 
magenta toner (1) and 93 mass parts of resln-coated magnetic ferrite carrier (average particle size 45 |jiTt) to obtain 
two-component magenta developer (1 ) for magnetic brush development. 

S5 (Examples 34 to 38) 

[0213] Magenta toners (2) to (6) of the examples 34 to 38 were obtained by a method similarto that In the example 
33 except that the example compound (1) was respectively replaced by example compounds (2) to (6). The charac- 
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teristics of these toners were measured as in the example 15, and the results are shown In Table 1 1 . Also these toners 
were used as in the example 33 to respectively obtain two-component magenta developers (2) to (6). 

(Comparative example 4) 

5 

[021 4] Magenta toner 7 of the comparative example 4 was obtained by a method similar to that of the example 33, 
except that the example compound was not used. The characteristtcs of such toner were measured as in the example 
15, and the results are shown in Table 11 . Also such toner was used as in the example 33 to obtain two-component 
magenta developer 7. 

10 

< Evaluation > 



[021 5] The two-component magenta developers (1 ) to (6) obtained in the examples 33 to 38 and the two-component 
magenta developer 7 obtained in the comparative example 4 were subjected to the measurement of toner charge 
amount after agitation for 1 0 or 300 seconds, by the aforementioned charge amount measuring method, respectively 
under an environment of normal temperature and nomnal humidity (25**C, 60 %RH) and an environment of high tem- 
perature and high humidity (30"'C, 80 %RH). The measured value of the two-component blow-off charge amount was 
rounded at the second pJace under fractional point, and was evaluated by the following criteria. The results are sum- 
marized in Table 11: 

(o> : very satisfactory (not exceeding -20 iiiC/g); 

O: satisfactory (-1 9.9 to -1 0.0 ^iC/g); 

A; practically acceptable (-9.9 to -5.0 |xC/g); 

X: practically unacceptable (-4.9 \lC/q or higher). 



Table 11 



Charging characteristics of magenta 


toners (1) to (6) 


Examples 


Ex. 

compound 
No. 


magenta 
toner No. 


Part, size Distribution 


Chargeability 


Ave, 

part, size 
(ftm) 


Fine 

powder 

amount 

(number. 

%) 


Normal temp/normal 
humidity 


High temp/hjgh 
humidity 












1 0 sec 
agit. 


300 sec 
agit. 


1 0 sec. 
agit. 


300 sec 
agit. 


33 


1 


1 


7.3 


5,0 


® 




® 


® 


34 


2 


2 


7.1 


5.2 


@ 


® 


® 


® 


35 


3 


3 


7.0 


5.5 


® 


® 


O 


® 


36 


4 


4 


6.9 


5.0 


® 


® 


o 


© 


37 


S 


5 


6.9 


5.3 


O 


@ 


o 


® 


38 


6 


6 


7.2 


5.0 


O 


© 


o 


® 


Com. ex.4 




7 


7.1 


5.1 


X 


X 


X 


X 



(Examples 39 to 44) 



[0216] Black toners (8) to (1 3) of the examples 39 to 44 were obtained by a method similar to that in the example 
33 except that the example compounds (1) to (B) were respectively used in 2.0 mass parts and the magenta pigment 
was replaced by carbon black (DBP oil absorption amount 110 ml/lOO g). The characteristKs of these toners were 
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measured as in the example 15, ancf the results are shown in Table 1 2. Also these toners were used as in the example 
33 to respectively obtain two-component black developers (8) to (13). 

(Comparative example 5) 

5 

[0217] Black toner 14 of the comparative example 5 was obtained by a method similar to that of the example 33, 
except that the example compound was not used and that the magenta pigment was replaced by carbon black (DBP 
oil absorption amount 110 ml/100 g). The characteristics of such toner were measured as fn the example 15, and the 
results are shown in Table 12, Also such toner was used as in the example 33 to obtain two-component black developer 
10 14 of the comparative example 5. 

<Evaluat[on> 

[0218] The two-component black developers (8) to (13) obtained in the examples 39 to 44 and the two-component 
^5 black developer 1 4 obtained in the comparative example 5 were subjected to the measurement of toner charge amount 
after agitation for 1 0 or 300 seconds, by the aforementioned charge amount measuring method, respectively under an 
environment of nonnal temperature and nomnal humidity (25*'C, 60 %RH) and an environment of high temperature 
and hfgh humidity (30'C, 80 %RH). The measured value of the two -component blow-off charge amount was rounded 
at the second place under fractional point, and was evaluated by the following criteria. The results are summarized in 
20 Table 12: 

@ : very satisfactory (not exceeding -20 \iCJg)\ 
O: satisfactory (-1 9.9 to -1 0.0 \iC/q); 
A: practically acceptable (-9.9 to -5.0 }iC/g); 
25 X : practically unacceptable (-4.9 |xC/g or higher). 



Table 12 



Charging characteristics of black toners (8) to (13) 


Exam- 
ples 


Ex. comp 
ound No. 


black 
toner No. 


Part, size Distribution 


Chargeablllty 


Ave. part, 
size (^m) 


Fine 
powder 

amount 

(number. 

%) 


Normal temp/normal 
humidity 


High temp/high 
humidity 












10 sec 
agit. 


300 sec 
agit. 


10 sec. 
agit. 


300 sec 
agft. 


39 


1 


8 


6,9 


5.2 


® 


® 


® 


® 


40 


2 


9 


7,0 


5.0 


® 


® 


® 


® 


41 


3 


10 


7.3 


5.2 


O 


© 


O 


® 


42 


4 


11 


7.2 


5.3 


o 


® 


o 


® 


43 


5 


12 


6.9 


5.5 


o 


® 


o 


® 


44 


6 


13 


7.2 


5.5 


o 


® 


o 


® 


Com, 
ex.5 




14 


7.0 


5.7 


X 


A 


X 


X 



(Example 45) 
55 10219] 



polyester resin 



1 00 mass parts 



58 



K^ISDOCID: <EP 125491 8A2„L> 



EP1 254 918 A2 



(continued) 



15 



20 



25 



30 



carbon black (DBP oil absorption amount 110 ml/100g) 
example compound (t) 



5 mass parts 
2 mass parts 



[Q220] Polyester resin was synthesized in the following manner. 751 parts of bisphenoi-A propylene oxide 2-mole 
addition product, 104 parts of terephthalic acid and 167 parts of trimellitic anhydride were condensation polymerized 
utilizing 2 parts of dfbutyltin oxfde to obtain polyester resin of a softening point of 125°C, The above-mentioned com- 
position was mixed, and fused and kneaded in a twin-screw extruder (L/D = 30). The kneaded substance after cooling 
was roughly pulverized with a hammer mill, then finely pulverized with a jet mill and classified to obtain black colored 
particles (15) of pulverizing method, which had a weight-averaged particle size of 7.4 ixm and a fine powder amount 
of 5.1 number %. 

[0221] 100 mass parts of thus prepared black polymer particles (15) were externally added, by dry mixing with a 
Henshel! mixer, with 1 .5 mass parts of hydrophobic silica powder (BET: 250 m2/g) treated with hexamethyl disiiazane 
as the f lowabillty improving agent, to obtain black toner (1 5) of the present example. Further, 7 pass parts of the black 
toner (15) and 93 mass parts of resin-coated magr^etlc ferrite carrier (average particle size 45 ^im) to obtain two- 
component black developer (15) for magnetic brush development 



(Examples 46 to 50) 

[0222] Black toners (1 6) to (20) of the examples 46 to 50 were obtained by a method similar to that In the example 
45 except that the example compound (1) was respectively replaced by example compounds (2) to (6). The charac- 
teristics of these toners were measured as In the example 1 5, and the results are shown In Table 1 3. Also these toners 
were used as In the example 45 to respectively obtain two-component black developers (16) to (20). 

(Comparative example 6) 

[0223] Black toner 21 of the comparative example 6 was obtained by a method similar to that of the example 45, 
except that the example compound was not used. The characteristics of such toner were measured as in the example 
15, and the results are shown In Table 12. Also such toner was used as In the example 45 to obtain two-component 
black developer 21 . 

<Evaiuation> 

35 [0224] The two-component black develc^ers (15) to (20) obtained in the examples 45 to 50 and the two-component 
black developer 21 obtained in the comparative example 6 were subjected to the measurement of toner charge amount 
after agitation for 10 or 300 seconds, by the aforementioned charge amount measuring method, respectively under an 
environment of normal temperature and nonnal humidity (25*'C, 60 %RH) and an environment of high temperature 
and high humidity (SCC, 80 %RH). The measured value of the two-component blow-off charge amount was rounded 
at the second place under fractional point, and was evaluated by the following criteria. The results are summarized in 
Table 13: 

(o) : very satisfactory (not exceeding -20 jJiC/g); 

O: satisfactory (-1 9.9 to -1 0.0 |LiC/g); 

A: practically acceptable (-9.9 to -5.0 |xC/g); 

X: practically unacceptable (-4.9 p.C/g or higher). 
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Table 13 





Charging characteristics of black toners (15) to (20) 


5 


Examples 


Ex. 

compound 
No. 


toner No. 


Part, size distribution 


Chargeabiiity 


10 








Ave. 

part, size 


Fine 
powder 
amount 
(number. 

%) 


Norma] temp/no rmaf 
humidity 


High temp/high 
humidity 


15 












10 sec 
agit. 


300 sec 
agit. 


1 0 sec, 
agit. 


300 sec 
agit. 




45 


1 


15 


7.4 


5.1 


® 




® 


© 




46 


2 


16 


7.7 


5.0 


© 


® 


@ 


® 




47 


3 


17 


7.3 


5.2 


@ 


® 


® 


® 


20 


48 


4 


18 


7.5 


5.3 


O 




O 


® 




49 


5 


19 


7.7 


5.1 


© 


® 


o 


® 




50 


6 


20 


7.2 


5.0 


o 


® 


o 


® 


25 


Com. ex.6 




21 


7,5 


4.9 




A 


X 


A 



(Examples 51 to 66 and comparative examples 7 to 12) 



[0225] At first there will be explained an image fonning apparatus employed in the image fomiing method of the 
30 examples 51 to 66 and the comparative examples 7 to 12. Fig, 1 is a schematic cross-sectional view of an image 
fomiing apparatus for executing the Image forming method of the examples of the present Invention and the comparative 
examples. Referring to Fig. 1, a photosensitive drum 1 is provided with a photosensitive layer 1a containing organic 
photosemiconductor on a substrate lb, is rendered rotatabie in the direction of arrow, and is surfacialiy charged at a 
surface potential of about -600 V by a charging roller 2 constituting a charging member opposed to the photosensitive 
35 drum 1 and rotated by contact therewith. As shown in Fig. 1 , the charging roller 2 is composed of a conductive elastic 
layer 2a provided on a core metal 2b. 

[0226] Then exposure 3 is made toward the surfaciaFly charged photosensitive drum 1 in on-off mode according to 
the digital image information by a polygon mirror to form an electrostatic latent image of an exposed potential of -100 
V and a dark potential of -600 v. Then the electrostatic latent image on the photosensitive drum 1 is reversal developed 

40 and rendered visible with plural developing devices 4-1 , 4-2, 4-3, 4-4 to fonn a toner image on the photosensitive drum 
1 , in this operation; there were respectively employed the two-component developers obtained in the examples 15 to 
20, 21 , 24, 27, 30, 33, 36, 39, 42, 45, 48 and comparative examples 1 to 6 to form toner images with yelJow, magenta, 
cyan or black toner Fig. 2 is a magnified partial cross-sectional view of each developing device 4 for two-component 
developer, employed in the development. Then the toner image on the photosensitive drum 1 is transferred onto an 

45 intermediate transfer member 5 rotated in contact with the photosensitive drum 1, As a result, superposed visible 
images of four colors are formed on the intermediate transfer member 5. The remaining toner, not transferred and 
remaining on the photosensitive drum 1 , is recovered by a cleaner member 8 into a remaining toner container 9. 
[0227] As shown in Fig, 1 , the intermediate transfer member 5 is composed of a metal core 5b constituting a support 
member, and an elastic layer 6a laminated thereon, in the present example, there was employed an intemnediate 

so transfer member 5 formed by coating a pipe-shaped core metal 5b with an elastic layer 5b composed of carbon black 
as conductivity providing material sufficiently dispersed in nilrile-butadiene rubber (NBR), The elastic layer 5b had a 
hardness of 30 degrees measured according to JIS K 6301 , and a volume resistivity of 1 0^Qcm, The transfer current 
required for transfer from the photosensitive drum 1 to the intermediate transfer member 5 was about 5 ^A and was 
obtained by providing the core metai 5b with a voltage of +500 V from a power source, 

55 [0228] The superposed toner images of four colors fonned on the intermediate transfer member 6 were transferred 
by a transfer roller 7 to a transfer material such as paper, and then fixed by a heat fixing device H. The transfer roller 
7 was fonned by coating, on a core metal 7b of an external diameter of 1 0 mm, an elastic layer 7a composed of carbon 
as conductivity providing material sufficiently dispersed in the foam of ethyienepropylene-diene three-dimensionaf 
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foamed copolymer (EPDM). It had a volume resistivity of 1 0®£2cfn and a liardness of 35 degrees measured according 
to JIS K 6301 . The transfer roJier 7 was given a voltage to obtain a transfer current of 15 ^lA. 

[0229] In the apparatus shown In Fig. 1 , the heat fixing device H was of heated roller type without oil coating mech- 
anism as shown in Figs. 5 and 6. Both the upper and lower rollers were provided with surface layers of fluorinated 
5 resin. The rollers had a diameter of 60 mm. The fixing temperature was selected as 160**C, and the nip width was 
selected as 7 mm. The toner remaining on the photosensitive drum 1 recovered by cleaning was conveyed by a reuse 
mechanism to the developing device and was reused. 

<Evaluatlon> 

10 

[0230] Printout test was conducted with the above-described configuratfon, under the environments of nomnal tem- 
perature and nonnal humidity (25''C, 60 %RH) and high temperature and high humidity (30°C, 80 %RH) and at a 
printout speed of 8 (A4 size) sheet/minute, respectively utilizing the two-component developers prepared with the 
toners of examples 15 to 20, 21 , 24, 27, 30, 33, 36, 39, 42, 45, 48 and those prepared with the toners of comparative 
^5 examples 1 - 6 under successive replenishment, in a monocolor intemriittent mode (developing device being stopped 
for 1 0 seconds after each pintoutto accelerate the deterioration of th© tonerby the preparatory operation at the restart), 
and the obtained printout image was evaluated for the following items. The resuEts of evaluation are summarized in 
Table 14. 

^0 [Printout image evaluation] 

1 . Image density 

[0231] Printouts of a predetemiined number were made on ordinary copying plain paper (75 g/m^), and there was 
25 evaluated the level of image density maintained in the image at the end of printing with respect to the initial Image. 
The image density was measured with a Macbeth reflective densitometer (supplied by Macbeth Inc.), and the evaluation 
was made on the relative density of th© printout image corresponding to a white portion of the original having a density 
of 0.00 by the following criteria: 

^0 (o) : excellent (Image density at end at least equal to 1 .4) 

. O: good (image density at end at least equal to 1 .35 but less than 1 ,40) 
A: fair (image density at end at least equal to 1 .00 but less than 1 ,35) 
X : poor (image density at end less than 1 .00). 

35 2. Image fogging 

[0232] Printouts of a predetermined numberwere made on ordinary copying plain paper (75 g/m^), and the evaluation 
was made by a solid white image at the end of the printouts. More specifically, the worst reflective density Ds of the 
white portion after printout, measured with a reflective densitometer (Reflectometer Model TC-6DS supplied by Tol<yo 
40 Denshoku Co., Ltd.) and the average reflective density Dr of th© sheet before printing were used to calculate (Ds - Dr) 
as the fog amount, which was evaluated according to the following criteria: 

(g) ; excellent (fog amount at least equal to 0 % but less than 1.5 %) 
O: good (fog amount at least equal to 1 .6 % but less Itjan 3.0 %) 
A: fair (fog amount at least equal to 3.0 % but less than 5.0 %) 
X : poor (fog amount at least equal to 5.0 %). 

3. Transfer ability 

50 [0233] A solid^iack image was printed for a predetermined number on ordinary copying plain paper (75 g/m^), and 
the amount of image blank amount atthe end of printouts was observed visually and evaluated accordingto the following 
criteria: 

@ : excellent (almost none) 
55 O: good (slight) 

A: practically acceptable 
x: practically unacceptable 
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[0234] Also after image outputs of 5000 sheets In the examples 51 to 66 and comparative examples 7 to 12, the 
surfacial scars on the photosensitive drum and the intermediate transfer member, generation of fixing of the remaining 
toner and influence on the printout image (matching with image forming apparatus) were visually inspected. In the 
systems utilizing the two-component developers of the examples 51 to 66, the surfacial scars on the photosensitive 
drum and the intermediate transfer member and generation of fixing of the remaining toner were not at all observed, 
and the matching with image forming apparatus was very satisfactory. On the other hand, in the systems utilizing the 
two-corrponent developers of the comparative examples 7 to 1 2. there was observed the fixing of the remaining toner 
was obsen/ed. Also In the systems utilizing the two-component developers of the comparative examples 7 to 12, there 
were observed the fixing of the remaining toner and the surfacial scars on the intermediate transfer member, and the 
matching with image forming apparatus was unsatisfactory in that the image showed defects such as vertical streaks. 



Table 14 





evaluation results of printout image 
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(Table 14 continues) 
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X 
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(Examples 67 to 69 and comparative examples 13 to 15) 

[0235] In the execution of the Image forming method of the examples 67 to 69 and the conriparative examples 1 3 to 
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15, there were respectively employed toners obtained In the examples 1 5, 21 , 27 and the comparative examples 1 to 
3 as the developer. AEso as image forming means, there was employed an image forming apparatus obtained by 
modifying and resetting a commerciaily available laser beam printer LBP-EX (Canon Inc-) by mounting a reuse mech- 
anism as shown in Fig. 3. More specifically, In the image forming apparatus shown in Fig. 3, there is provided a system 
for reusing the recovered toner, in which the untransferred toner remaining on the photosensitive drum 20 after the 
transfer is scraped off by an elastic blade 22 of a cleaner 21 maintained in contact with the photosensitive drum 20, 
then fed into the cleaner 21 by a cleaner roller, further conveyed by a cleaner reuse mechanism 23 and returned by a 
supply pipe 24 having a feed screw to a developing device 26 through a hopper 25. 

[0236] In the Image forming apparatus shown in Fig. 3, the photosensitive drum 20 Is surfaciaily charged by a primary 
charging roller 27, The primary charging roller 27 was composed a rubber roller (diameter 12 mm, contact pressure 
50 g/cm) containing conductive carbon dispersed therein and covered with nylon resin. By laser exposure (600 dpi, 
not shown), an electrostatic latent Image with a dark potential VD - -700 V and a light potential VL = -200 V was formed 
on the electrostatic latent image bearing member (photosensitive drum 20). The toner bearing member was composed 
of a developing sleeve 28 having a surface roughness Ra of 1 .1 and surfaciaily coated with resin containing carbon 
black dispersed therein. 

[0237] Fig. 4 is a partial magnified cross-sectional view of a developing device for one-component developer, em- 
ployed in the examples 59 to 61 and the comparative examples 13 to 15. As the developing conditions for the electro- 
static latent image, the speed of the developing sleeve 28 was selected as 1 .1 times of the surface moving speed of 
the opposed photosensitive drum 20, and the gap a (S-D) between the photosensitive drum 20 and the developing 
sleeve 28 was selected as 270 ^m. For regulating the toner layer thickness, an uretiiane rubber blade 29 was employed 
in contact state. Also the heat fixing device for fixing the toner Image was set at a temperature of 1 e0°O. The employed 
fixing device was as shown in Figs. 5 and 6. 

[0238] Printout test was conducted up to 30,000 prints with the above-described configuration, under the environ- 
ments of nonnai temperature and normal humidity (25**C, 60 %RH), at a printout speed of 8 (A4 size) sheet/minute 
and under successive toner replenishment, In a continuous mode (developing device being operated without stopping 
to accelerate the consumption of the toner), and the image density was measured on the obtained printout Image and 
the durability of the image density was evaluated by the following criteria. Also the Image of the 1 0,000th print was 
observed and the image fogging was evaluated by the following criteria. Also, observation was made on the state of 
the components constituting the image fomning apparatus after the durability test, and evaluation was made also on 
the matching between each component and each toner. Tine results of evaluation are summarized in Table 15. 

[Image derisfty change in durability test] 

[0239] Printouts of a predetermined number were made on ordinary copying plain paper (75 g/m^), and there was 
evaluated the level of image density maintained In the Image at the end of printing with respect to the Initial image. 
The image density was measured with a Macbeth reflective densitometer (supplied by iWacbeth inc.), and the evaluation 
was made on the relative density of the printout image corresponding to a white portion of the original having a density 
of 0.00 by the following criteria; 

@ : excellent (Image density at end at least equal to 1 .4) 
O: good (image density at end at least equal to 1 .35 but less than 1 ,40) 
A: fair (image density at end at least equal to 1 .00 but less than 1 ,35) 
X : poor (image density at end less than 1 .00). 

2. Image fogging 

[0240] Printouts of a predetermined number were made on ordinary copying plain paper (75 g/m2), and the evaluation 
was made by a solid white Image at the end of the printouts. More specifically, the worst reflective density Ds of the 
white portion after printout, measured with a reflective densitometer (Reflectometer Model TC-6DS supplied by Tokyo 
Denshoku Co. , Ltd.) and the average reflective density Dr of the sheet before printing were used to calculate (Ds - Dr) 
as the fog amount, which was evaluated according to the following criteria: 

(§) : excellent (fog amount at least equal to 0 % but less than 1 .5 %) 
O: good (fog amount at least equal to 1 .5 % but less than 3.0 %) 
A; fair (fog amount at least equal to 3.0 % but less than 5.0 %) 
x: poor (fog amount at least equal to 5.0 %). 
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[Evaluation of matching witli image forming apparatus] 

1. Matching witli developing sleeve 

5 [0241] After the printout test, the state of fixation of the remaining toner to the developing sleeve surface and the 
influence thereof on the printout image were evaluated visually: 

@ : excellent (none) 
O: good (almost none) 

10 A: practically acceptable (toner fixation present but little influence on the image) 

X: practically unacceptable (toner fixation present in a large amount to cause unevenness in the Image)., 

2. Matching with photosensitive drum 

15 [0242] The scars on the photosensitive drum surface, the state of fixation of the remaining toner thereto and the 
influence thereof on the printout Image were evaluated visually: 

(6) : excellent (none) 

O: good (slight scar generated but no influence on the Image) 
^0 A: practically acceptable (toner fixation and scars present but little influence on the image) 

X : practically unacceptable (toner fixation present In a large OTiount to cause image defects in streaks). 

3. Matching with fixing device 

-^5 [0243] The state of the surface of the fixing film was observed, and the durability thereof was evaluated in consid- 
eration of the surface state and the fixation of the remaining toner. 

(1) Surface state 

Afterthe printout test, scars and peeling on the surface of the fixing film were visually observed and evaluated: 

30 

@ : excellent (none) 
O: good (almost none) 
A: practically acceptable 
X: practically unacceptable, 

35 

(2) Fixation of remaining toner 

After the printout test, the state of fixation of the remaining toner on the surface of the fixing film was visually 
observed and evaluated: 

^0 (g) : excellent (none) 

O: good (almost none) 
A: practically acceptable 
X: practically unacceptable. 

45 
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Table 1 5 



Result of printout image evaluation and matching with image forming apparatus 
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(Example 70) 



[0244] Printout test was executed in the same manner as in the example 67, except that the toner reuse device was 
detached from the image forming apparatus shown In Fig. 3 and the printout speed was changed to 1 6 (A4 size) sheet/ 
minute, under successive replenishment of the blue toner (1) of the example 15, in a continuous mode (developing 
device being operated without stopping to accelerate the consumption of the toner). The obtained printout image and 
the matching with the image forming apparatus were evaluated on the items same as those in the examples 67 to 69 
and the comparative examples 13 to 15. Satisfactory results could be obtained In all the Items. 
[0245] The present invention has been described in detail with respect to preferred embodiments, and it will now be 
that changes and modifications may be made without departing from the invention in Its broader aspects, and It is the 
invention, therefore, in the appended claims to cover all such changes and modifications as falf within the true spirit of 
the invention. 
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Claims 

1 . Polyhydroxyalkanoate comprising, In the polymer molecule, a unrl represented by the following general formula (1 ): 
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X=0-8 (1) 



(wherein x stands for an integer selected within a range of 0-8 Indicated in the chemical formula, and such unit 
may be present at least one in the polymer); a unit represented by the following general formula (2): 



25 



30 




X=^0^ (2) 



(wherein x stands for an integer selected within a range of 0-8 Indicated In the chemical formula, and such unit 
may be present at least one in the polymer); and at least one of the units represented by the following general 
formulas (3) to (6), namely: 



a unit represented by the following general formula (3): 
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X='0-8 (3) 



(wherein x stands for an integer selected within a range of 0-8 Indicated in the chemical formula, and such . 

unit may be present at least one in the polymer); 

a unit represented by the following general formula (4): 
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G=S=0 



-CI 



H H, 



X=0-8 (4) 



(wherein x stands for an integer seiected within a range of 0-8 indicated in the chemical formula, and such 

unit may be present at least one in the polymer); 

a unit represented by the following general formula (5): 
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30 




X=0-8 (5) 



35 



(wherein x stands for an integer seiected within a range of 0-8 indicated In the chemical formula, and such 
unit may be present at least one in the polymer); and 
a unit represented by the following general fonnula (6): 
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o=s=o 



ct- 



^ H H. ' 



X=rt)-B (6) 



55 



(wherein x stands for an integer selected within a range of 0-8 indicated in the chemical formula, and such 
unit may be present at least one in the polymer). 



2. Polyhydroxyalkanoate according to claim 1 , further comprising, in addition to the unit represented by said general 
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formula (1), the unit represented by said general formula (2) and at least one of the units represented by said 
general formulas (3) to (6), at least one of: 

a unit represented by the following general formula (7): 



0H3 



<^^)y o 
H K ' y=0-8 (7) 



— f-G-C-C—^- 



"2 

(wherein y stands for an integer seiected within a range of 0-8 indicated in the ctiemical formula, and such 
unit may be present at least one in the polymer); and 
a unit represented by the following general formula (8): 



9"^ 



<pH 



~^°~H"Hr' 2=3.5 (8) 

(wherein z stands for an integer selected from 3 and 5). 

40 3. Polyhydroxyaikanoateacconding to claim 1 or 2, having a number average molecular weight within a range of 1000 
to 500000. 

4. A method for producing poly hydroxy a fkanoate according to any of claims 1 to 3, comprising: 

(step 1 ) a step of culturing microorganisms in a cufture medium containing at least one of o>-(2-thienylsuifanyl) 
alkanolc acids represented by the following general formula (27) 
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55 



|f^S--9H~{CH,)~CH^-^ 



(wherein x stands for an integer selected from a range of 0-8); and 

(step 2) a step of processing polyhydroxyafkanoate, produced by the microorganisms cultured in the step 1 , 
with sodium hypochlorite. 
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5. A producing method according to claim 4, furtlier comprising, between said steps 1 and 2: 

a step of separating polyhydroxyalkanoate produced by said microorganisms cultured in the step 1 from the 
cells of said microorganisms. 

5 

6. A producing method according to claim 5, wherein said step of separating polyhydroxyalkanoate produced by said 
microorganisms includes a step of pulverizing the microorganism cells. 

7. A producing method according to claim 5, wherein said step of separatmg polyhydroxyalkanoate produced by the 
TP microorganisms from said celis thereof includes a step of extracting said polyhydroxyalkanoate from the microor- 
ganism cells with a solvent capable dissolving polyhydroxyalkanoate produced by the microorganisms. 

8. A producing method accordingto claim 4 or 5, wherein the culture medium employed In the step 1 contains polypep- 
tone. 

15 

9. A producing method according to claim 4 or 5, wherein the culture medium employed in the step 1 contains yeast 
extract. 

10. A producing method according to claim 4 or 5, wherein the culture medium employed in the step 1 contains sac- 
20 charide. 

11. A producing method according to claim 10, wherein said saccharide is at least one compound selected from a 
group consisting of glyceraldehyde, erythrose, arabinose, xylose, glucose, galactose, mannose, fructose, glycerol, 
erythritol, xylitol, gluconic acid, glucuronic acid, galacturonic acid, maltose, sucrose and lactose. 

2S 

12. A producing method according to claim 4 or 5, wherein the culture medium employed In the step 1 contains an 
organic acid or a salt thereof. 

13. A producing method accordfng to claim 1 2, wherein said organic acid orsaltthereof is at least a compound selected 
30 Irom a group consisting of pyruvic acid, malic acid, lactic acid, cttric acid, succinic acid and salts thereof. 

14. A producing method according to claim 4 or 5, wherein the culture medium employed in the step 1 contains an 
amino acid or a salt thereof, 

35 15. A producing method according to claim 1 4, wherein said amino acid or salt thereof is at least a compound selected 
from a group consisting of glutamic acid, aspaitic acid and salts thereof. 

16. A producing method according to claim 4 or 5, wherein the culture medium employed In the step 1 contains a 
straight-chain alkanolc acid with 4 to 12 carbon atoms or a salt thereof. 
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17. A producing method according to claim 4 or 5, wherein the culture of microorganisms in said step 1 includes: 

(step 1 -1 ) astep of culturing microorganisms in aculture medium containing at least one of a)-(2-thienylsulfanyl) 
alkanolc acids represented by the following general formula (27) 

" , .» - .1 i- • , . .. =.".. .■ ■ !' , • . . -. • ~ .5 .""aI:'?':-!. • - -it 

: ' ' I . :. ' ■' ■ - .■ . ■■ • ■ : ■ : ■ : , , • • . • ' I-^?! '■ ■ .- V /r- 



!- 1 



55 (wherefn x stands for an integer selected from a range of 0-8) and polypeptone; and 

(step 1-2) a step of further culturing the microorganisms, cultured in said step 1-1 , in a culture medium con- 
taining at least one of o)-(2-thienylsulfanyl)alkanok: acids represented by said general fomiuia (27) and an 
organic acid or a salt thereof. 
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18. A producing method accordfng to claim 4 or 6, wherein the ciifture of microorganisms in said step 1 inciudes: 

(step 1 -3) a step of culturing microorganisms in aculturemedium containing at least one of «>-{2-thienylsulfanyl) 
alkanoic acids represented by the following general formula (27) 



(wherein x stands for an integer selected from a range of 0-8) and saccharide; and 

(step 1-4)astep of further culturing the microorganisms, cultured in the step 1-3, in aculturemedium containing 
at least one of (0-(2-thienylsulfanyi)aikanolc acids represented by said general formula (27) and saccharide. 

19. A producing method according to any of claims 4 to 18, wherein the microorganisnns employed in the step 1 are 
those belonging to Pseudomonas genus. 

20. A producing method according to claim 19, wherein said microorganisms employed in the step 1 are those of at 
least a strain selected from Pseudomonas cfchorir YN2 (FERIW BP-7375), Pseudomonas cichorii H45 (PERM BP- 
7374) and Pseudomonas jessenii P161 (PERM BP-7376), 

21. A charge control agent comprising polyhydroxyalkanoate including, in the polymer molecule, a unit represented 
by the following general formula (1 ): 




(wherein x stands for an integer selected within a range of 0-8 Indicated In the chonical formuia, and such unit 

may be present at least one in the polymer); 

a unit represented by the following general formula (2): 
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o=s=o 



H- 



(CHJ 



— (-0-C-C- 



O 

it 



X=0-8 (2) 



(wherein x stands for an integer selected within a range of 0-8 indicated in the chemicai formula, and such unit 
may be present at least one in the polymer); and at least one of the units represented by the foiiowing general 
formulas (3) to (6), namely: 



20 



a unit represented by the following general formula (3): 
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35 




s=o 



H- 



■CI 



-f-o-c-c— ^■ 

^ H H ' 



X-iO-8 (3) 



40 



(wherein x stands for an integer selected within a range of 0-8 indicated In the chemical formula, and such 
. unit may be present at least one in the pofymer); 
a unit represented by the foiiowing general fomnula (4): 
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o=s=o 

H— I— 01 



_{_o-c-cJ4- 



X= 0-8 (4) 
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(wherein x stands for an integer selected within a range of 0-8 indicated in the chemical formula, and such 

unit may be present at least one in the polymer); 

a unit represented by the following general formula {5): 



10 



15 




-{-o-c-c- 

^ H H. 



O 



X=0t8 (5) 



20 



(wherein x stands for an integer selected within a range of 0-8 Indicated In the chemical formula, and such 
unit may be present at least one in the polymer); and 
a unit represented by the following general formula (6): 
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35 




o=s=o 



Cl- 



Cl 



I-O-6-C-J4 
^ H ' 



X=l[)-8 (6) 
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(wherein x stands for an integer selected within a range of 0-8 Indicated In the chemical fonnula, and such 
unit may be present at least one in the polymer). 

22. A charge control agent according to claim 21 wherein said polyhydroxyalkanoate further includes, in addition to 
the unit represented by said general fonmula (1), the unit represented by said general formula (2) and at least one 
of the units represented by said general formulas (3) to (6), at least one of: 

a unrt represented by the following general formula (7): 
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10 



■f-o-c-c— ^ 



H ' y=0-8 (7) 



(wherein y stands for an integer selected within a range of 0-8 indicated in the chemical formula, and such 
unit may be present at least one in the polymer); and 
a unit represented by the following general formula (8): 



$0 



25 



30 



55 



9H3 

CH 
II 



(wherein z stands for an integer selected from 3 and 6) (wherein y and z may assume arbitrary integral values 
at least equal to 1 within the ranges shown in the chemical fomnulas, independently from the units represented 
35 by(1). (2), (3),(4), (5)and(6)). 

23. A charge control agent according to claim 21 or 22, wherein said po[yhydro3cyalkanaate has a number average 
molecular weight within a range of 1000 to 500000. 

40 24. A toner binder comprising the charge control agent according to any of claims 21 to 23. 

25. An electrostatic latent image developing toner comprising, at least, binder resin, a coloring agent, and the charge 
control agent according to any of claims 21 to 23. 

4^ 26. An Image forming method comprising at least a step of extemalEy applying a voltage to a charging member thereby 
charging an electrostatic latent Image bearing member, a step of forming an electrostatic latent image on the 
charged electrostatic latent image bearing member, a development step of developing the electrostatic latent image 
with electrostatic latent image developing toner thereby fomning a toner image on the electrostatic latent image 
bearing member, a transfer step of transferring the toner image on the electrostatic latent image bearfng member 

so onto a recording material, and a fixation step of heat fixing the toner image on the recording material; 

the method comprising the use of electrostatic latent Image developing toner comprising at teast a binder 
resin, a coloring agent, and a charge control agent according to any of claims 21 to 23. 



27. An Image forming method according to claim 26 at least comprising a step of externally applying a voltage to a 
charging member thereby charging an electrostatic latent image bearing member, a step of forming an electrostatic 
latent image on the charged electrostatic latent image bearing member, a development step of developing the 
electrostatic latent image with electrostatic latent image developing toner thereby fonning a toner image on the 
electrostatic latent Image bearing member, a first transfer step of transferring the toner image on the electrostatic 
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latent image bearing member onto an intermediate transfer member, a second transfer step of transferrrng the 
toner Image on the intemiediate transfer member onto a recording material, and a fixation step of heat fixing the 
toner image on the recording material; 

the method comprising the use of eiectrostatic latent image developing toner comprising at least a binder 
resin, a coloring agent, and a charge control agent according to any of claims 21 to 23. 

28. An image forming apparatus comprfsfng fomnatton of an image on a recording material with electrostatic latent 
image developing toner according to claim 25. 

29. An image forming apparatus according to claim 28 at least comprising means for externally applying a voltage to 
a charging member thereby charging an eiectrostatic latent image bearing member, means for forming an elec- 
trostatic latent image on the charged electrostatic latent image bearing member, development means for devel- 
oping the electrostatic latent image with electrostatic latent Image developing toner thereby forming a toner image 
on the electrostatic latent Image bearing member, transfer means for transferring the toner image on the electro- 
static latent Image bearing member onto a recording material, and fixation means for heat fixing the toner fmage 
on the recording material; 

the apparatus comprising the use of electrostatic latent Image developing toner according to claim 26. 

30. An image forming apparatus according to claim 29, comprisfng at least means for externally applying a voltage to 
a charging member thereby charging an electrostatic latent Image bearing member, means for forming an elec- 
trostatic latent image on the charged electrostatic latent Image bearing member, development means for devel- 
oping the electrostatic latent image with electrostatic latent image developing toner thereby forming a toner image 
on the electrostatic latent image bearing member, first transfer means for transferring the toner Image on the 
electrostatic latent image bearing member onto an intermediate transfer member, second transfer means fortrans- 
ferring the toner image on the intermediate transfer member onto a recording material, and fixation means for heat 
fixing the toner image on the recording material; 

the apparatus comprising the use of eJectrostatic latent Image developing toner according to cfalm 25. 
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FIG. 1 
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FIG. 2 
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